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PREFACE TO THE FOURTH EDITION 


The objective of this book is to present coordinated starting points 
in mining practice that the student, mining man, and mining instructor 
may develop as their needs indicate. 

The revision of the book was almost completed as the European war 
reached a conclusion. The war period placed unusual strains upon the 
resources of the mining industries and their personnel. The future of 
the mining industries will be in the direction of prospecting, exploration, 
and development of new discoveries to compensate for the drain upon 
reserves resulting from the war. New mineral deposits will be dis- 
covered. The demand for metals, fuels, and industrial minerals will 
increase as these components of modern life constantly grow in impor- 
tance. This future challenges the young mining engineer to obtain a 
knowledge of the backlog of mining experience and to use it. 

The perfection of mechanical equipment, some of which was intro- 
duced or tried in the interval of 1921-32, brought about improved mining 
practices. Notable in this development are the detachable drill bit, 
better rock drills, the drill carriage, drill-sharpening equipment, the 
light diamond drill and bort bit, heavy churn drills, side borers, rotary 
drills, undercutters, mechanical loaders, scrapers, conveyers, the axial- 
flow ventilating fan, autotrucks, tread tractors, shuttle cars, bulldozers, 
power shovels, the large scrapers, improved dredges and draglines, 
portable compressors, and diesel power units. Many useful accessories 
have also found application. The development of better explosives and 
a more widespread appreciation of their uses marked the 1932-45 period. 
The availability of highly developed mining tools and modern explosives 
as well as an understanding of their uses and limitations has increased 
labor efficiency and has been an important factor in cost control. 

Acknowledgment is made of the use of articles in the Engineering and 
Mining Journal and other mining periodicals; likewise in the publica- 
tions of the American Institute of Mining and Metallurgical Engineers, 
the Canadian Institute of Mining and Metallurgy, the Institution of 
Mining and Metallurgy, the Chemical, Mining, and Metallurgical 
Society of South Africa, and other technical organizations. To the 
authors of mining articles much credit is due not only for information 
but also for inspiring the author’s attempt to weld this material into a 
condensed and informative book. 
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The cooperation of manufacturers of mining equipment in supplying 
catalogues and other information about their products is wholeheartedly 
acknowledged. 

Particular acknowledgment is made of the assistance given by John 
P. Hutchins, Charles H. White, Correy Brayton, Herbert A. Sawin, 
Charles M. Romanowitz, George S. Dyer, J. H. Sackett, Raymond 
Mancha, Peter Ambrosiani, John B. Huttl, the late Professor Walter 8. 
Weeks, and Charles A. Dobbel. 


GrorGE J. YOUNG. 
OAKLAND, Catir., 
October, 1946. 


PREFACE TO THE FIRST EDITION 


The objective of ‘Elements of Mining” is to give the reader a compre- 
hensive view of the mining problem. Fundamental engineering prin- 
ciples involving weight, mass, work, space, and the properties of the 
materials used and the rock masses encountered in mining have been 
given prominence. The dimensional data established by mining practice, 
cost analyses, and examples of cost are given in their proper places. The 
mechanical equipment in common use has been either illustrated or 
briefly described. 

Coal mining has been included with metal mining, since while there are 
differences in the mining conditions the underlying principles are the 
same and one form of mining affords a contrast to the other. The rela- 
tion of geology to mining has been brought out and accentuated wherever 
appropriate. 

Exemplifications from mining practice have been reduced to a mini- 
mum and in most instances the information has been tabulated. In 
order to supplement this feature a limited bibliography has been selected 
and given under each subject. 

The limitation plan on the size of the book has necessarily curtailed 
the number of illustrations and caused the condensation of the subjects of 
transportation and hoisting from two chapters, as originally planned, to 
a comparatively short statement. The fact that the publishers have in 
contemplation a separate book covering these subjects in connection with 
the larger subject of mine plant and equipment is a further justification 
for the brief treatment. The subject of mining law and examples of 
ore estimates were omitted because of the limitation of size. 

# Tn the preparation of the text I have drawn freely from the publica- 
tions of the American Institute of Mining Engineers and the Lake 
Superior Mining Institute as well as other engineering societies and tech- 
nical journals. In almost all cases acknowledgment has been made in 
the text. Much of the material dealing with coal mining has been taken 
from the bulletins of the Illinois Coal Mining Investigations.  Illus- 
trations of mechanical appliances have been taken from trade catalogues 
and the courtesy of the machinery companies in permitting their use is 
appreciated. To Dr. William H. Emmons I am especially indebted for 
reviewing the part of the text relating to geology. John E. Hodge 
supplied me with certain details of diamond drilling practice and Profes- 
sor E. P. McCarty and J. J. Murphy were kind enough to furnish notes 
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on the mining practice in Minnesota. Acknowledgment is made of the 
courtesy of many mine managers and superintendents who have facili- 
tated my studies of mining practice. 


GrEorGE J. Young. 
BERKELEY, CaLIr., 
June, 1916. 
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CHAPTER I 
INTRODUCTION 


The field of the miner and mining engineer concerns itself with the 
discovery and extraction of ores and naturally occurring mineral sub- 
stances that are economically useful. For convenience the naturally 
occurring substances are divided into metalliferous ores, or ores of gold, 
silver, platinum, iron, copper, lead, zinc, antimony, manganese, tin, and 
tungsten; nonmetalliferous minerals, such as coal, peat, gypsum, infu- 
sorial earth, pumice, fuller’s earth, limestone, clay, calcite, kaolin, feld- 
spar, talc, soapstone, magnesite, dolomite, quartz, bauxite, garnet, 
corundum, phosphate rock, barytes, fluorspar, sulphur, pyrites, asbestos, 
graphite, asphalt, petroleum, gilsonite, salt, trona, niter, and borax; and 
building and ornamental stones, such as slate, marble, limestone, sand- 
stone, granite, rhyolite, trap, travertine, opal, and gems. 


DEFINITIONS 


Ore.—The geologist and the mineralogist use this term in a restricted 
sense to apply to the minerals from which metals are obtained. The 
miner uses the term in the sense of any naturally occurring mineral sub- 
stance from which a metal may be profitably extracted. 

Mineral.—A general term, used to indicate any naturally occurring 
substance of definite composition and consistent physical properties. 
In a restricted sense the miner uses it to designate a valuable nonmetal- 
liferous substance. Often the miner uses this term to indicate any natu- 
rally occurring compound with which he is not familiar. 

Waste.—Rock or material removed in mining operations that contains 
either no metallic content or insufficient to admit of mining is called waste. 

Ledge Matter.—A miner’s term used to indicate the vein filling. 
It may or may not contain valuable minerals. 

Gangue.—In but few cases do the metals occur native, and even 
when they do they are accompanied by a large amount of foreign material 
which must be separated from them and the handling of which entails 
expense. Gold, silver, platinum, and copper in native condition occur 
in important deposits, but all other metals and in many instances the 
foregoing metals occur in the form of chemical compounds. The ore 
minerals seldom are found alone, but have associated with them other 
minerals, usually valueless. These associated minerals, which are gen- 
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erally nonmetalliferous, are called gangue. The common gangue min- 
erals are quartz, calcite, limonite, fluorspar, barite, siderite, rhodonite, 
garnet, feldspar, hornblende, and, in some instances, more or less altered 
country rock. An ore may be considered to be a mixture of one or more 
metalliferous minerals, in such proportion as to permit of profitable 
handling, and one or more gangue minerals. 

Oxidized Ores.—Weathering and the action of surface waters alter 
most metalliferous minerals and convert them partly or wholly into 
oxides, carbonates, or sulphates. These compounds are characteristic 
of metalliferous deposits at the surface and oftentimes to a considerable 
depth below. 

Sulphide Ores.—Ores below the influence of surface conditions and 
characterized by the presence of sulphides are termed either unoxidized 
ores or, if sulphides are conspicuously present, sulphide ores. 

Mixed Ores.—Ores containing both oxidized and unoxidized minerals 
are called mixed ores. 

Complex Ores.—This term has no precise meaning. It may signify 
an ore containing two or more metals; an ore difficult of treatment by 
reason of the presence of minerals which interfere with simple methods 
of treatment; or an ore composed almost wholly of several sulphide 
minerals. 

Low-grade Ore.—A term used to indicate an ore that yields a small 
margin in profit. 

High-grade Ore.—A term used to indicate an ore that yields a large 
margin of profit. 

First-class Ore—Shipping Ore.—An ore of sufficient value to admit 
of selling to a smelter or reduction plant. 

Second-class Ore—Mill Ore.—An ore that must be given some 
preliminary treatment such as concentration, picking, etc., before a 
marketable product or a product admitting of further treatment for the 
recovery of the metallic content can be obtained. 

Ore Minerals and Nonmetalliferous Minerals—The ore and non- 
metalliferous minerals are described in treatises on mineralogy, and the 
student is referred to these. 


UNIT VALUE AND TENOR OF ORES 


Gross Unit Value.—The unit of weight taken is usually the short 
avoirdupois ton of 2,000 lb. For iron and manganese ores, bauxite, chro- 
mite, feldspar, and pyrites, the long ton of 2,240 lb. is in common use. 
The weight of metal per ton, as determined by assay or analysis, multiplied 
by the market price of the metal is the gross unit value of the ore. 

Gross Recoverable Value.—In the treatment of ores by concentration, 
amalgamation, cyanidation, smelting, etc., only a part of the total metal 
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present is recovered. The part recovered multiplied by the price is the 


gross recoverable value. 


The proportion recovered varies with the ore 


and with the method used. Examples are given in the following table. 


TasLe 1.—ApproximaTs Prrcentaces or Mrrats RECOVERED 


Metal Concentration Amalgamation Cyanidation Smelting 
Gold................} 80-90 (80-95)+ 70-95 70-95 100 
Silver...............| 60-80 (80-95)¢ 60-80 60-90 95-98 
Coppenaan we wey. 8 ROU=80"(90=05) Saree. eataet 1 <a. ithe 90-95 
Wed dae et rte Oe | OU=COM(S0=05) Stara bartkth eV Ulow ooh ae 90-95 
AC RRO settee WOO SO (SOLOO) Et G2 wepeh ot, jh eee aes, 80-90 
RON Ey wn Rewer ree rere OL Or news ata el nel ne ars | neat k 95 
ieee tee eee A OO-80 5 km aE ieee | 90-95 - 


2 By flotation the higher percentages can be obtained in some cases. 


Net Unit Value.—The difference between the gross recoverable value 
and the cost of mining, treating, and marketing the ore or products 
derived from the ore is the net unit value of the ore; in other words, the 
unit operating profit. 

Constancy of Unit Values.—The ore in any given deposit varies in 
metallic content from point to point. In fact, it is very unusual to find 
uniform metallic content. This variability of content is one of the impor- 
tant factors that the engineer must constantly reckon with. In any 
given case the costs of mining, treatment, and marketing fluctuate 
between comparatively narrow limits, and their trend can often be pre- 
dicted. Market prices of metals, excepting gold, also fluctuate. Per- 
centage of recovery varies somewhat, but if there is considerable variation 
in the physical and chemical characteristics of an ore, this factor must be 
expected to show corresponding fluctuations. In systematic mining 
operations ores are carefully graded and sometimes the different grades 
are mixed by bedding, with the object of obtaining a uniform grade for 
the treatment plant. Average unit values are determined by systematic 
sampling and thus represent a known quaptity. 

Quantity. Size of Ore Deposits.—The quantity of ore in any mineral 
deposit determines its commercial importance. Unit ore values without 
the quantity factor have only a qualitative significance. The two factors, 
quantity and unit value, enable the gross value and the net value of a 
given deposit to be determined with a fair degree of accuracy. The 
gross value of a mineral deposit should be sufficient to cover the purchase 
price, the capital outlay for plant, equipment, development, operation, 
and marketing the product, as well as to leave an excess that measures 
the profit obtained from the enterprise. An enterprise must yield a 
profit to be commercially successful, and the larger the profit the more 
successful is the enterprise considered. 
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Both the quantity factor and the unit value are difficult to determine 
accurately, and their determination calls for care, judgment, and skill 
on the part of the engineer. A mineral deposit must be developed before 
these factors can be determined. By ‘‘development” is meant the sink- 
ing of shafts and the driving of levels and crosscuts in such a way as to 
delineate the outlines of the ore body at different altitudes. The average 
length, width, and thickness can be determined only in this manner. 
Systematic sampling enables average unit values to be determined. 
Some ore bodies may be delineated and samples of them may be obtained 

by systematic borings from the surface. 

; While it would be desirable in every instance to develop an ore body 
completely before extraction begins, it is not always feasible. In iron and 
copper deposits where surface boring is practicable almost complete 
information is obtainable, but with most gold and silver mines the two 
factors are known only for a part of the deposit. The principal element 
of uncertainty in mining enterprises arises from the difficulty of obtaining 
this information. The prevalence of gold and silver ores in shoots, of 
more or less irregular outline, distributed at irregular intervals along the 
strike and dip of the veins, renders it almost impossible for an engineer 
to know when he has exhausted the ore possibilities of a given mine. The 
frequent occurrence of parallel veins in close proximity to each other 
interjects another element of uncertainty. 

The porphyry copper mines of the Western states and the iron mines 
of Minnesota present some of the best examples of successful estimation 
of the quantity and grade of ore in a given deposit or series of deposits in 
proximity. Table 2 gives estimated ore reserves and ore grades for a 
number of copper companies. 


TABLE 2.—RESERVES OF CoPpPpER COMPANIES 
Gad Croston, A.I.M.E.) 


Company Reserves, tons Bebe Date 
Kennecott Utahauatadtr sane seater OF 0000000 LO’ 1930 
Kennecott——Wly-eNevea wen ietcestr ean tent ee 77,000,000 1.22 1935 
inspiration Copper Comme a amen nara trae 69,010,770 1.37 1935 
Miamoin@op perl © 0 ayer an ta Renee ee 84,624,860 0.94 1936 
Phelps: Dodge: Copper Cone wcu ty, bh von ache Bel See OOIIOOO 1713 1932 
International Nickel Co... ........+...5,..4.4:| 205;590/592 2.00 1935 
Chiles@opper Coty... Dee 15 ok te eto OSS, Ged O00 2.15 1935 
Andes-CoppetyvCo 2.502) nape co tadegee eae Lilo en eee 1.47 1935 


Other examples could be quoted, but these will suffice to exemplify 
some of the larger ore deposits and some of the most detailed engineering 
work in determining the limiting conditions of an ore deposit. These 
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examples can be considered as representative of one end of the scale, at 
the other end of which the pocket mines of the West may be placed. 
The former require engineering skill, elaborate plants, and large invest- 
ments of capital to place them on a commercial basis, while the latter 
require a skillful miner, a few drills, a forge, a wheelbarrow, and a small 
amount of dynamite. The amount of ore may vary from a few hundred 
pounds to several tons, while the value may run up to thousands of 
dollars. The large mines are characterized by continuous operation and 
the handling of enormous tonnages; the small pocket mines by intermit- 
tent operation and the handling of a small amount of material. Between 
these two extremes are found the many examples of mining ore deposits. 

Tenor of Ores.—The economic conditions of any given mine determine 
the lowest grade ore which can be profitably handled. In general terms, 
the limiting grade of ore is that at which the gross recoverable unit 
value equals the total cost of placing the metal or metalliferous product 
from a unit of ore upon the market. At any one mine the tenor of the ore 
will vary during the life of the mine. Usually it is highest during the 
early years and lowest during the last years of a mine’s existence. Within 
certain limits the policy adopted in mining will determine the tenor of 
ores. In bulk mining, the mine product may be low grade, the stopes 
being broken across their full width. In selective mining, the stopes may 
be restricted in both length and width and thus produce a much higher 
grade of ore. It is not always practicable to resort to selective mining, as 
the mineralization may be so distributed as to necessitate taking the 
whole ore body in mining operations. Where there is diffused mineraliza- 
tion, it becomes a matter of judgment as to where the stoping limits 
should be fixed. In most mines ore is simultaneously mined from a 
number of stopes, and usually the grade of ore will vary from stope to 
stope as well as from time to time in a single stope. By a system of stope 
samples this variation in grade can be determined and the drawing of ore 
from the different stopes can be so regulated as to send a product of 
approximately uniform grade to the mill or reduction plant. ‘‘Sweeten- 
ing” the ore by drawing upon a rich stope in a mine is a practice often 
resorted to. 

Price charts extending over a period of years exemplify metal price 
fluctuations. Supply and demand ordinarily are the chief determinants 
of prices, but general economic and political conditions play a part. The 
price at which a metal or mineral product can be sold depends upon 
wages and taxes plus a surplus to cover overhead, supplies, amortization 
of plant, depletion, capital return, and some provision for hard times. 
This is the seller’s position; the buyer’s position also is influenced by 
wages, taxes, and a multitude of conditions that establish the price at 
which he in turn can sell his products. Also, wartime price and control 
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legislation has temporarily clogged the normal flow of basic products to 
buyers. 

Mining properties fall into two broad classes, in one of which the grade 
of the ore is such that under most price conditions a good profit can be 
obtained; the other class comprises marginal properties, which can be 
operated only when prices are high. 

One of the best examples of political influence is gold mining. Under 
the economic conditions prevailing up to 1929, gold mining gradually 
declined because the price of gold was fixed and wages, taxes, supplies, and 
other costs wiped out surplus in many instances. After 1929, wages and 
prices slumped as a result of depression, and the industry began to recover. 
From 1837 and up to 1932 inclusive, the selling price of gold was $20.67 
per ounce, but in 1934 its price was finally established at $35 per ounce. 
World gold production was 19,585,000 oz. in 1929, 39,700,000 oz. in 1939. 
Domestic production was 2,208,386 oz. in 1929, 6,003,105 oz. in 1940, 
and 1,364,322 oz. in 1943 (estimated) after most of the gold mines had 
been shut down by a War Production Board order dated Oct. 15, 1942. 

Another example of price influence is afforded by mercury mining. 
In 1929, 23,632 flasks of mercury were produced at an average price of 
$122 per flask; in 1943 some 53,500 flasks were produced, the average price 
being $195.21 per flask. The industry is often upon a marginal basis, 
but when the war demand shot prices up the industry responded by more 
than doubling production. 

Naturally the student will want to know just what is the lowest grade 
ore that has been found practicable to mine. Many factors determine 
this minimum grade. The scale of operations, the efficiency and resource- 
fulness of the operating organization, the depth of mining, the presence 
or absence of large quantities of water, adverse conditions with respect 
to temperature and physical nature of rock masses and the distance from 
markets, smelting centers, and supply points, as well as other factors, 
will vary between wide limits. 

Among the gold mines, Alaska Juneau maintained for many years a 
record position for mining low-grade ore. Over a period of 45 years, 
70, 117,638 tons of mine run were produced, from which 32,586,720 tons 
were sorted as coarse tailing and 37,530,918 tons milled. Production for 
the period averaged 0.0518 oz. of gold per ton milled together with small 
quantities of galena concentrates; fine tailings averaged 0.0126 oz., coarse 
tailings 0.0089, and mine-run ore 0.0449 oz. per ton. 

A total of 44 companies in the Transvaal mined 64,515,350 tons of 
gold ore in 1940. Total output was 13,535,504 oz., or 0.209 oz. per ton; 
maximum average yield of any one mine was 0.609 oz. and minimum was 
0.12 oz. per ton. Working costs were 58.4 per cent and profit margin 
41.6 per cent for the whole group. 
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The greatest gold mine, Crown Mines, Transvaal, South Africa, 
treated 3,558,000 tons in 1934 and produced 1,001,618 oz. of gold at a 
cost $24.52 per ounce, figuring the exchange rate at $4.90 per pound 
sterling and including charges and taxes. The Homestake mine of 
South Dakota produced 1,383,929 tons in 1936 with a recovery of 556,- 
081 oz. of gold, 0.402 oz. per ton, at a cost of $21.69per ounce. Carson 
Hill (California) produced in 1936 some 17,553 oz. of gold from 284,928 
tons at a cost of $31.50 per ounce. 

In 1941 Kennecott produced from all of its mines some 20.2 lb. of 
copper per ton as well as gold, silver, and molybdenite; of its four proper- 
ties in the United States, the average assay of the ore was 1.04 per cent 
and production was 18.7 lb. of copper per ton. Phelps Dodge is now 
mining its Clay ore body by open pit. Estimates of its size, as computed 
from churn-drill holes, diamond-drill holes, and mine workings, indicated 
a tonnage of 230,000,000, averaging 1.06 per cent copper, with an esti- 
mated recovery of 18.2 lb. of copper per ton. 

_The lowest grade material handled in gold mining is exemplified in 
gold-dredging operations in California. The following table gives the 
dredging results obtained for a period of years by the Yuba Consolidated 
Gold Fields operating at Hammonton, Calif.: 


TABLE 3 
Year Be ee eet iota asia: | ODEN | UP, 
1915-16 17,750,000 RO? $2,133,578 4.27 $1,374,868 
1919-20 23,523,000 13.60 3,213,213 6.99 1,645,548 
1928-29 24,948,295 8.81 2,196,846 4.53 1,066,124 
1935-36 35,969,934 9.794 3,522,126 4.49 1,615,139 
1936-37 37,135,623 al eeesalky 4,351,919 APe, 1,754,587 
1938-39 48,881,544 9,264 4,528,426 4.37 2,137,922 


@ Gold at $35 per ounce; others at $20.67. 


The student should review the reports of a number of mining com- 
panies and note the percentage content of the ore, operating costs, 
tailings loss, and recoveries. In this way he may visualize the individual 
conditions and sense the limiting margin that distinguishes profitable 
from unprofitable enterprises. 


VALUE OF METALS, ORES, AND NONMETALLIFEROUS MINERALS 


The economic disturbances of the First World War unsettled metal 
prices greatly; late in 1920 and 1921 metal prices were extremely low 
and resulted in drastic curtailment of mining operations in the United 
States and elsewhere. The economic disturbances of 1929-32 also 
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caused a great recession in metal prices along with greatly lessened 
mining activity. Average annual prices, given in Table 4, reflect the 
fluctuations over a sufficient period to indicate the uncertainties of min- 
ing with respect to the influence of metal prices. In the early stages of 
the Second World War efforts were made to stabilize prices of metals, 
but as neither taxes nor wages were likewise controlled the position of 
mining in 1942 continued uncertain. Under the wartime demands, how- 
ever, production of ores, minerals, and metals reached a record height. 
The prices of silver, copper, lead, zinc, quicksilver, gold, and other metals 
were controlled. 


SALE OF ORES AND MINERAL PRODUCTS 


_ Price.—The product of a mine may be metal, ores, concentrates, 
minerals, and certain by-products. These are marketed to the United 
States Mint, smelting companies, refiners, mineral dealers, and manu- 
facturing companies, each of which may be interested only in a particular 
product. For example, the Mint is interested only in gold and silver; 
custom smelters are interested in gold, silver, lead, copper, and zine ores _ 
and concentrates of these metals; certain mining companies produce 
refined metals and sell directly to manufacturers; industrial mineral 
producers sell to the trade interested in such minerals. The Journey 
from producer to consumer often involves several transfers, each of 
which raises the price. The Engineering and Mining Journal publishes 
basic metal and mineral prices each month. Many ores and minerals 
are sold by producers under contracts. Ore- and mineral-buying prac- 
tice varies in different localities and with different ores and industrial 
minerals. 

Gold Ore.—The sale of gold ores to milling, smelting, and ore-buying 
companies follows long-established practices. The market for gold.is at 
present closely controlled by governments, the price in the United States 
being fixed at $35 per ounce. Custom-milling companies pay for an 
agreed-upon percentage of the gold and silver content of an ore, the 
percentage depending upon the gold extraction obtainable from the 
particular ore as determined by laboratory testing or by experience. A 
milling charge to cover operating costs, marketing, overhead, and profit 
is deducted and the balance is paid to the seller. At Cripple Creek, 
under the $20.67 gold price, gold ore was paid for at $20 per ounce of 
gold content, less a treatment charge which was a minimum of $4 per 
ton for ore 0.5 oz. or less and a maximum of $6 per ton for ore 1 to 1.5 oz. 
per ton. . Freight charges were deducted. In the palmy days of Gold- 
field, Nev., 90 per cent of the gold and silver content of a milling ore was 
paid for at $20 per ounce for gold and the prevailing rate for silver less $7 
per ton for milling charges; freight was also deducted. 
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Most gold mines mill their own ores and produce gold bullion, con- 
centrates, cyanide precipitates, and minor by-products. Gold bullion 
can be sold to the Mint, or all the products to the custom smelters and 
refiners. In California, gold-bearing concentrates are purchased and 
delivered to the smelting plant on the basis of gold content, as follows: 
From 0.03 to 0.5 oz. gold at $19 per ounce plus 90 per cent of the excess 
of current price ($34.91) over former price ($20.67); 5 oz. and less than 
10 oz., $19.50 per ounce plus 90 per cent of excess current over former 
price; 10 oz. and less than 15 oz., $19.75 plus 90 per cent excess of current 
price over former price; 15 oz. or over, $20 plus 90 per cent of excess of 
current over former price. A minimum deduction of 0.5 to 1 oz. is made 
from the silver content and the balance is paid for at the government 
fixed price of 71.11 cents per ounce (July 6, 1939) for domestically pro- 
duced silver. Smelter charges are from $6.45 to $10 per ton. On very 
small lots sampling charges are often deducted. Cyanide precipitates 
and refinery slags are purchased under other terms. 

Smelter Schedules.—Copper, zinc, lead ores, and concentrates are 
purchased under various schedules that determine the details of settle- 
ments, charges, and deductions. Each custom smelter has its own 
schedule, but many of these schedules conform to similar patterns. 
Usually a settlement date is made, such as date of assay return, and the 
price of the metals is of that date according to Engineering and Min- 
ing Journal quotations. The smelter purchases ore in many lots of 
various sizes, and a period of varying length intervenes between the pur- 
chase and the final marketing of the metals purchased. To protect them- 
selves from fluctuating metal prices, most smelters endeavor to sell each 
day an amount of metal equivalent to their purchases for that day in the 
form of ore. Some ores, by reason of accessory metals, are difficult to 
treat and may entail greater than average metallurgical losses or costs. 
The smelter reimburses itself by exacting penalties and extra charges. 
For ores which are very easily treated or which may be necessary for more 
favorable smelting mixtures, extra credits may be given or premiums 
paid. Some schedules also endeavor to provide for wage increases. 
Thus many schedules are complicated. A few examples are summarized. 

Silver Ores.—Such ores are purchased subject to a minimum deduc- 
tion of 0.5 to 1 oz. per ton, 95 per cent of the remaining silver being paid 
for at the domestic or foreign price of silver, depending upon origin; treat- 
ment charges are from $5 to $6 per ton for lots of 10 tons or more and $10 
per ton for lots less than 10 tons; the grade of ore is also a factor, and 
treatment charges go to $10 per ton for high-grade silver ores. 

Copper Ores and Concentrates.—Copper concentrates are settled upon 
the basis of wet assay, minus 10 to 20 lb. per ton at the New York price 
for electrolytic copper minus 2.5 cents per pound; treatment charges 
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range from $3.50 to $7.50 per ton; freight is deducted and a sampling and 
handling charge is made for small lots of ore. Silver content if above one 
ounce is paid for at 95 per cent of assay at Mint price if the ore is of 
domestic origin, and at Handy and Harman quotation if of foreign origin. 
If gold content exceeds 0.03 oz. per ton, all the gold is paid for at 92 per 
cent of Treasury price, or $32.20 per ounce. 

Lead Ores and Concentrates —Lead concentrates are settled upon the 
basis of wet lead assay minus 1.5 units, times 90 per cent; payment at 
New York prices minus 1.5 cents per pound; basis 30 per cent lead dry 
assay. For less than 30 per cent deduct 10 cents per unit for each unit 
under 30 per cent (a unit is 1 per cent); for each unit over 30 per cent add 
10 cents. Treatment charges range from $2.50 to $6 per ton. Silver, 
if over 0.5 oz., is paid for at 95 per cent of content at New York quota- 
tion; gold, if over 0.02 oz. per ton, is paid for at $31.818 per ounce up to 
5 oz. and $32.318 per ounce if over 5 and up to 10 oz. per ton. Various 
penalties are in force: bismuth, arsenic, and antimony are considered 
objectionable and are penalized, arsenic and antimony being allowed one 
unit free and all above carrying a penalty of 50 cents per unit; zinc from 
6 to 8 per cent is allowed free and all above is penalized at 30 cents per 
unit; sulphur is allowed free up to 2 per cent and all above is charged 
25 cents per unit to a maximum charge per ton of $2.50; iron is given 
a credit of 6 cents per unit and insoluble a penalty of 10 cents per unit. 

Zinc Ores and Concentrates —Payment for zinc ores is made on the 
basis of 82 per cent of the zinc content at St. Louis price less 29 cents per 
100 lb.; 75 per cent of gold content in excess of 0.05 oz. per ton is paid for 
at $32.32 per ounce; 75 per cent of silver in excess of 2 oz. per ton is paid 
for at Mint price; 65 per cent of lead in excess of 2.5 units is paid for at 
market price less 1.5 cents per pound; 75 per cent of copper in excess of 2 
per cent is paid for at electroylitic price less 5 cents per pound; base treat- 
ment charge is $28 per ton, plus or minus $2 for each one cent up or down 
in the per pound price of zinc. Freight is deducted and provision for 
wage increase is made in smelter settlements. 


TABLE 5.—ANTIMONY PRICES PER SHORT Ton UNIT 


] 
Per cent Price Per cent Price Per cent Price. 
antimony per unit antimony per unit ! antimony per unit 
40 $1.40 47 $1.48 54 $1.515 
41 1.405 48 1.50 | 55 1.520 
42 1.410 49 1.50 56 1.525 
43 1.415 50 1.502 | 57 1.530 
44 1.4380 | 51 | 1.503 | 58 1.535 
45 [450 | 52 | 1.505 «| 59 | 1.540 
46 1.465 | 53 | 1.510 | 60 | . 1.550 
i 
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Antimony Ores.—Antimony ores in 1941 were purchased by a few 
companies in carload lots f. 0. b. shipping points, at rates shown in Table 
5. Ores of more than 35 per cent and less than 40 per cent antimony con- 
tent were also purchased, but at lower rates. 

Miscellaneous Ores and Minerals.—Iron ore is sold on the basis of 
its iron content. The presence of silica in excess of a low percentage 
diminishes the price, and in Bessemer iron ores the phosphorus must be 
less than 0.10 per cent. Hard iron ores as compared with soft pulveru- 
lent ores command a better price. Manganese ores are sold on their 
manganese content. The silica limit is 8 per cent, the phosphorus limit 
0.25 per cent. Above these percentages penalties are exacted. Non- 
metallic minerals are sold on the basis of chemical analyses and certain 
impurities are limited in amount. Where this amount is exceeded the 
mineral must be cleaned or penalties are exacted. In some cases where 
the degree of purity necessary cannot be obtained the mineral is unmarket- 
able. Grades and prices are given in the market reports of the Engineer- 
ing and Mining Journal for a number of different ores and minerals. 


MINING INDUSTRIES 


Mining Industries of the United States.——The data of the mining 
industries in the United States, according to the 1939 census, are given 
in the table on page 13. 


MINERAL DEPOSITS 


A classification of ore and mineral deposits is given in the outline 
shown on page 14. 


GENERAL FEATURES OF DEPOSITS 


Outcrop.—The outcrop is the edge or surface of a mineral deposit 
that appears upon the surface. It may be definitely and plainly visible 
or almost obscured by surface detritus. 

Wall.—The upper wall of an inclined vein or deposit is called the hang- 
ing wall; the lower, the foot wall. Walls may be definite or indefinite. 

Dip and Strike.—The dip is the maximum angle of inclination down- 
ward that a vein or bed makes with a horizontal plane. The strike is 
the course of the vein measured at right angles to the dip and referred to 
the true or magnetic meridian. Both dip and strike are used in describing 
veins and beds. They are not constant features but may vary from place 
to place in any one vein or bed. In irregular deposits these terms have 
no equivalent, but the course of the deposit is the course of the major 
axis, and the dip is the dip of the major axis in a vertical plane at right 
angles to the horizontal major axis. 

Overburden.—The detrital or other material overlying a flat or 
moderately inclined deposit is called the overburden. In many cases it 
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Minera Inpustries or THE UNITED Srarss, 1939 


Number of . Wage 7 
: Industries Number of/ mines, eerpeed earners Value of 
operations er eee oo products 
MANIVOPEL ATION aa tena aust epee sine Saas 20,927 361,202 82,809 779,032 $3 ,430,258,644 
Coal: 
ANENTACITES. Pernice ala turtdiete ses 346 507 5,411 82,822 189,647,913 
IBIGTAIN OUS eyes sc ails. oe due st avons 5,009 5,686 19,656 369,156 727,357,537 
Crude petroleum, gas........... 7,782 347,645 30,322 105,166 1,375,953,576 
Metals: 
Woppera cin moe anviet Ne spe keretees 3 35 El 2,908 23,844 141,634,842 
Mr OM OLGahs tana tec ceases Selene 100 Waid 2,228 20,137 150,872,108 
LBZSEE Oa SIN ala Beer a a area keys 62 76 998 6,984 31,467,413 
AWN Cares Oe RE ners On Pe Epos GTS RR 138 170 974 8,653 31,184,092 
Gold Modes Maen een cen 820 841 1,612 17,279 86,063,020 
Silvan sey weary See SS cievae acts 150 163 368 4,244 19,715,727 
Goldtpla cers tyarcirsists Afaver craic agent ce 306 339 477 3,228 28,026,824 
IVIGECUIveme Rete co oats. xatiecicn teens 64 61 74 602 1,830,116 
IM TOL RI OXG KS bout Ae aevreptr MICE oo aie 5 5 112 910 15,410,581 
PL iga PS CON rte vittese etre ocak odes Qoste anode 35 49 134 960 3,353,852 
Stone: 
Wimestone wn Lucan) ae p terial t etc at 965 1,256 2,129 25,619 80,655,601 
Granite ae und cteesiae ie. 199 242 384 4,417 12,876,081 
IB asailtve Dvr caaccyetertut sete s, Bisnsisestysshe 101 120 278 1,910 9,658,219 
fel Fag om G05 oie aaa ask Sale ae ea 70 79 115 1,341 4,162,547 
Warbler k wae aewtsce ticles ones 31 44 41 1,405 2,708,857 
Sand andi gravel,® 5.2 -cs..06 beets 12253) 1,563 2,818 16,959 79,402,277 
Miscellaneous: 
Abrasives; natural, cst cite asses 33 41 45 366 ' 1,295,228 
FABDOS HOS tegti ocd sot miactieor ce <a oy 9 9 9 160 492,487 
AS pales mmacUralicns snetsvctecmrgaaes 23 23 123 730 2,968,145 
VAT GOR mya Pert ees eats FAlecak 37 47 62 792 2,065,048 
MSONGOMIGE ice ins akaud nal cance sc steve nese 27 29 62 357 1,982,129 
C@lavrandishale. Gases cceias haces 833 1,061 760 10,648 24,847,153 
Meldsparieeite tails eer A 47 59 54 512 981,162 
SBAIONAD AMM Te ativeve <r seth ssi ace «e 60 61 109 1,287 3,397,624 
Pilerisuenn thiyncan te meets orcs Fehoree 21 22 116 562 2,106,721 
GaOS LN gata cuntics Bsieaet ater oMeliS valet coals 34 59 97 1,327 4,568,925 
Magnesite and brucite........... 3 4 12 216 1,396,168 
VINCE: SEW, sheesh te tot eile e faye. caer shrsastrensy ott 22 21 20 190 326,573 
Prosph atte rocks ste sichers syltte. 33 40 382 3,372 12,286,471 
PROPOR ce gy eekl isaO aca stance aha, Wea wt due 5 5 284 1,516 13,963,561 
AV ELLOS emer Me Re, «aris, Gouseabart see iege ahe 6 5 15 189 601,588 
LUGO KAS PL bel ak rector a onion fete teed huteeiaiers Pel a, ¢ 181 1,380 6,896,271 
SLD INU Tete ae ere greta acatal's ein duars 8 10 507 L517 31,812,230 
Tale and soapstone.............. 29 38 167 970 3,269,087 
ERDID OL aerate tee ce taker h in see ethers 9 12 20 139 426,761 
SWeRINLOULL GG erromene. fete We oh cacPen cays) sre) 7 di 8 56 149,883 
Producing operations.......... an 18,920 361,040 77,019 736,150 3,221,927 ,057 
IEATOISe COLA Lumet fom oi cdecuyaercctuccents 13,345 353,969 57,509 566,956 2,392,753,928 
PiVietAllic ores, total... 66 su ce ce es 1,753 1,992 10,110 88,394 515,008,693 
DIVO Oy COCHIN. Pics cuss cs Mb, ws xosi.Nits,, 5 1,521 1,929 3,158 37,287 117,033,887 
Miscellaneous, total............... 439 526 2,330 15,906 92,881,119 
Ss SS es es Se ee een 


Norr.—T signifies the total, including closely related producing operations undér the designations. 
Miscellaneous total does not include clay and shale but does include several minerals not presented in 
the table. 

The foregoing table was derived from Table I, vol. I, Mineral Industries, Sixteenth Census. In the 
same volume see Tables X—X XX, and other tables, under particular mining industries. 
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is thin enough to warrant its removal and to mine the deposit by open pit 
or quarry. Coal, iron, placer deposits, gold, copper, and other metals are 
frequently obtained in this manner. " 

_ Physical Nature of Walls and Ore or Mineral.— Walls and ore may be © 
consistently the same throughout a deposit, but this is unusual and 
considerable variation in the physical characteristics may be expected 


CLASSIFICATION OF ORE AND Minerau Deposits 


I. Deposits due to 
weathering and ero- 
sion 


II. Deposits concentrated 
in bodies of surface 
waters 


III. Deposits concen- 
trated by circulat- 
ing ground waters 


IV. Deposits formed by 
ascending heated 
waters associated 
with igneous intru- 
sions and gases 


V. Deposits due to meta- 
morphism, closely 
related to IV 


VI. Deposits formed in 
magmas, closely re- 
lated to IV 


By precipitation 


| 
| 
| 
f 


Metalliferous 
Tron ores 
Manganese ores 
In situ or close prox-4 Gold 
imity to source ABts 
Platinum 


Gold placers 
Tin placers 


Eroded and_ trans- { Platinum placers 
ported to a distance | Monazite and rare earths 
Magnetite 
Bog iron and manganese 
ores 


Odlitic iron ores 
Carbonate iron ores 


By sedimentation 


Tron ores 
res of copper, 
vanadium, zine 


Derived rock 


masses 


from 
lead, 


Ordinary and_ sulphide 
enrichment 


Copper, gold, silver 
Ores of 


Derived from primary 
deposits 

mereury, anti- 

mony, gold, silver, lead, 

tin, zine, copper, ‘tung- 

sten, molybdenum 


zine, tin 


Magnetite 
Chalcopyrite 
Arsenopyrite 

Platinum 

Cassiterite 

Chromite 

Nickeliferous sulphides 


Segregations 


{os of copper, iron, lead, 


Cassiterite 
Wolframite 
Columbite 
Molybdenite 
Rare minerals 


Pegmatite dikes 


Nonmetalliferous 
Residual clays 
Bauxite 
Phosphates 
Barite 
Ochers 


Detrital clays 
Quartz sand 
Fuller’s earth 
Gem stones 


Limestone 
Chalk 

Dolomite 
Phosphate beds 


Salt 

Gypsum 

Sodium sulphate 
Sodium bicarbonate 
Borax 

Potash minerals 


Peat 

Lignite 

Coal 

Diatomaceous earths 


Barite 

Sulphur (?) 
Magnesite 
Tale 

Soapstone 
Asbestos 
Gypsum 
Sodium nitrate 
Nitrates 

Borax 


Quartz 
Calcite 
Alunite 
Borax (?) 


Garnet 
Graphite 
Corundum 


Corundum 
Diamond 


Apatite 
Lepidolite 
Zircon 

Gem stones 


and should be made a matter of study and observation. Methods of 
excavation are modified to suit the nature of the material handled. by 
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Methods of support can be more intelligently devised if the physical 
peculiarities of the walls are known. Too often an engineer neglects 
detailed study of this factor and embarrassing difficulties arise as a 
consequence. 

Interruptions to Continuity.— Deposits may pinch out locally on both 
the strike and dip or may be divided by a fault. Some deposits are 
faulted to a marked extent, and considerable difficulty is caused not only 
in following the deposit but also in working it. The presence of many 
faults indicates general weakness in a rock mass and calls for certain 
precautions in working it. 

Folds.—Bedded deposits, particularly sedimentary deposits like coal, 
may be folded to such an extent as to offer serious difficulties in apply- 
ing customary methods. The expense of working such a deposit 

may reasonably be expected to exceed that required for a regular 
deposit. 

Vertical Range and Depth below the Surface.—As an element of 
importance in working a deposit, its vertical range from highest to 
lowest point and depth should be known. The selection of hoisting 
apparatus and the development and working may be considerably influ- 
enced by this factor. The vertical range in the Calumet and Hecla 
mine approximates 5,000 ft. from the surface. The copper mines of 
Butte, Mont., are worked at depths ranging from 1,000 to 4,000 ft. 
The Kennedy mine in California is opened to a vertical depth of 5,000 ft. 
The disturbance of the equilibrium of large rock masses by mining 
through a deep vertical and a wide lateral range is a factor that must 
be reckoned with and provided for in the early stages of a mine. 

Ore Shoots.—No ore deposit shows uniform distribution of metallic 
content. Approximate uniformity of distribution is shown in the aurif- 
erous reefs of the Transvaal, the amygdaloidal copper lodes of the Lake 
Superior district, the porphyry copper mines of Nevada, Utah, Arizona, 
and New Mexico, the Homestake mine, and the iron mines of Minnesota 
and Michigan; but the great majority of gold, silver, gold-and-silver, 
copper, silver-lead, and lead-zinc deposits show an erratic distribution 
of metallic content. Where the values are concentrated sufficiently 
for extraction, that part of the deposit is called an ore shoot. The 
shape of the ore shoot is variable, and the size ranges from small bunches 
or pockets of ore up to many thousands of tons. The primary cause of ore 
shoots is the existence of favorable conditions for deposition in the zone 
occupied by the shoot. A shoot caused by enrichment is deposited at or 
close to the ground-water level and continues along the course of the 
deposit. Ore-bearing solutions may be obstructed by an impervious 
stratum and, rising along this, may deposit in proximity to the stratum. 
The chemical character of the wall rock may be such as to cause precipita- 
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tion in certain areas. The intersection of fissures is often a favorable. 
location for deposition, particularly where two solutions differing 
chemically come together. Each locality, and in fact each deposit, 
presents its peculiar problems, and only extended observation can bring 
out the facts to assist the miner. The known erratic character of the 
occurrence of ore shoots is sufficient to warrant the miner’s belief that 
every vein or even slightly mineralized zone is the possible receptacle of | 
an ore shoot until proved otherwise. 

Pay Streak.—In alluvial deposits the gold is usually concentrated 
near the bedrock. This portion of the placer is called the pay streak. 
In some few cases, at a higher level within the gravel deposit, another 
pay streak may be found, but this is unusual. The width and trend 
of the pay streak are variable. Gold is most likely to be deposited where 
the current of a stream decreases. A bar often forms on the concave side 
of a bend, and gold may be found on the bedrock and within the 
material deposited in the bar. The head of a filled basin or the head 
of a delta, where the stream debouches upon a coastal plain, is also a 
favorable place. These observations apply to recent placers. Old 
placer deposits are often such that former topographical conditions can- 
net be determined with any certainty, and consequently there is little 
to do but dig to bedrock. 

Water.— Water is not of uncommon occurrence in mineral deposits. 
The handling of it always entails expense. Its source, amount, and chem- 
ical nature are matters for the investigation of the engineer. The possi- 
bility of sealing off ground water or of deflecting surface sources of supply 
may well repay the time spent upon its consideration. In humid or 
semihumid regions, ground water may be expected to occur within the 
first 50 ft. and to extend often from 500 to 1,000 ft., as a vein or mineral 
deposit is often a favorable channel for the accumulation and movement 
of ground waters. In arid climates ground water may not be encoun- — 
tered in considerable quantities within 300 to 500 ft. of the surface. At 
Tonopah the first deep shaft sunk was practically dry at 900 ft. from the 
surface. Many very deep mines are dry in their lower levels. In 
mineral regions where extensive postmineral fracturing due to faulting 
has taken place, accumulations of water in the fractured zones introduce 
a difficult problem. The Comstock mines from a depth of several 
hundred to 3,200 ft. presented a water problem of this nature. It is true 
that in this case many flows of hot water were encountered in the lower 
levels, but most of them were handled by moderate-sized pumps, and 
the accumulations of fissure water gave the most trouble. 

Underground Temperature.—Although the increase of ground tem- 
peratures with depth is generally of no serious moment, in some deep 
mines high temperatures have been encouritered that brought about 
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difficulties in the working of the deeper levels. The temperature gradient 
under different conditions is shown in the accompanying table. 


GRADIENT IN Freer ror Each DrGrer CENTIGRADE Risk IN TEMPERATURE? 


Unaltered rocks........... Set AAA See eee oeaty OER De ae 

Underneath high ees and again oe. reo re ese LOO TO 

In or near eruptive rocks.......... Hestigee ste 2 4-020=19 

In vicinity of hot eh or ietiers hemnieal processes of 
decompositionsare Actives:.j.) sug cs wit. ve eee cee 33 .0-56 

In coal mines and borings in coal-bearing strata........... 76.0-115 

In mines after ventilating currents have cooled off rocks... 102.0-377 


@ Condensed from Lindgren’s ‘‘ Mineral Deposits.” 


Underground Gases.—Special precautions and methods are required 
in the mining of deposits that liberate combustible or irrespirable gases. 
Many coal beds are characterized by the presence of marsh gas and 
related gaseous hydrocarbons. Nitrogen and carbon dioxide are occa- 
sionally encountered in metal-mining operations, but their presence 
is usually rare. Marsh gas has also been found, but again this is unusual. 

Surface Topography.—The study of a deposit with reference to the 
surface topography has for its object the selection of the point of attack. 
The layout of a quarry or open pit is necessarily dominated by the position 
of the deposit, but nevertheless access and drainage must be provided. 
An economical approach can be found only by a careful study of topo- 
graphical conditions. The selection of a site for a surface plant, working 
shaft, or adit allows somewhat more freedom, and wisdom shown in 
its careful selection may eliminate dangers from snowslides, cloudbursts, 
and other contingencies. 

General.—The normal stages in the history of a mining enterprise 
are discovery; exploration to determine features of the deposit and the 
grade of the mineral; development for the purpose of accurately deter- 
mining its geometry, average and variations in mineral grades, and 
preparation for working; equipment for mining, handling the mineral, 
and preparing it for market}; the orderly working of the deposit on the 
basis of a daily tonnage; the extension of development in advance of 
mining requirements; and the continuation of exploration having for its 
purpose the proving of extensions or the finding of new deposits in 
contiguous areas. Working continues, except when interrupted by 
adverse market conditions or other difficulties beyond the power of the 
management to control, until the commercial mineral has been exhausted, 
at which point operations cease and the plant and equipment are dis- 
mantled and as much as possible is sold. 

The working life of a mineral property obviously depends upon ae 
quantity of commercial mineral found and the rapidity of its extraction. 
A maximum rate of working is desirable, but this is often restricted by 
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the available working capital, by the size of the plant, by the market 
demands, and by the inherent difficulties of operation. Thus 100 tons 
per day may supply the demand within a radius where freight rates 
exclude a competitor. Other producing areas more favorably situated 
with respect to freight rates and consuming centers may supply the 
remaining market. On the other hand, demand may already be ade- 
quately supplied and the new producer may have to fight for his market, 
so that a long time may be necessary before he can develop a sufficient 
market for his product. If he has some advantage in freight rates, cost of 
production, or quality of product, he can compete successfully. Skillful 
sales management may compensate in part for any lack of commercial 
advantage. Metals occupy a less competitive position than most non- 
metallic minerals, in that custom smelters are usually ready to buy and 
to treat ores and concentrates. Large refining companies purchase crude 
petroleum from producers. Coal-mine owners compete for their markets. 
The gold miner is the only producer free from competitive strife since 
the price of his gold is fixed. 

Available capital is a large factor in determining the magnitude of 
initial operations. Considerable skill is required in the planning of 
development, equipment, and operation so as to keep within conservative 
limits and at the same time to have sufficient capital in reserve to provide 
for the interval between initial production and realization from sales of the 
product. When the money is exhausted, additional capital must be 
secured with which to complete plans and to provide sufficient operating 
money until the enterprise can be made self-supporting upon the basis of 
the sale of its product. Many small and some large enterprises encounter 
difficulties at the start by too ambitious plans and too small a purse. 
Good engineering involves careful planning, accurate estimates of costs, 
and the securing of results within the capital limits. Unforeseen condi- 
tions and accidents may interfere with the best of plans, but the farseeing 
engineer will always make some provision for contingencies of this 
kind. 

How capital is raised for a mining enterprise may be summarized as 
follows: First is the time and effort of the prospector as well as the money 
he expends in his activities. As he is seldom in a financial position to 
advance to the exploration and development stages, almost invariably 
he invites friends and others to advance the necessary money, giving 
them an interest on a partnership basis, or failing in this he attempts: to 
sell his prospect upon the initial showing. In the event of a sale into 
strong hands, the capital requirements may be advanced with which to 
explore and try out the possibilities of the prospect. In other instances, 
the preliminary partnership may be reorganized upon the basis of a 
- company and a portion of the company shares may be sold to others, 
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the capital raised being expended upon exploration and development 
as well as for equipment and facilities. Comparatively few such enter- 
prises succeed in reaching the operating stage (producing regularly) 
unless the capital thus raised is wisely expended and the work is so 
efficiently done as to serve its destined purpose. 

Not all prospects turn into operating mines, so that stockholders in 
such enterprises are in the position of venturing their. capital. The 
blanks outnumber the successes. The large operating company in its 
search for mines spends money freely but wisely and counts upon finding 
a commercial property among the number it may explore. Never- 
theless a relatively large sum may be expended under competent direction 
and with all the geological skill possible without winning a prize. Prob- 
ably a large proportion of exploration companies fail, but this may be 
due to the fact that the talent for finding and recognizing mines is not 
widespread. An exploration staff, otherwise competent, may lack this 
essential talent, which is admittedly hard to find. However, mines have 
been discovered by the application of geological principles. They will 
continue to be discovered more and more by geological studies in conjunc- 
tion with geophysical methods. 

Commercial Deposits.—Numerous mineral deposits can be found 
and many are known, but a deposit to be commercial or exploitable must 
meet certain requirements, among which are quantity and average value 
that will yield a margin over operating expenses, a workable ore or 
mineral, and comparative freedom from such restrictive measures as 
might be enforced as a result of the pollution of streams or the air. Water 
is essential, and the cost of obtaining a suitable supply might be pro- 
hibitive in some cases. The development of power and its cost needs 
careful investigation. The source and supply of labor and the limitations 
imposed by weather, by altitude, and by topographic environment are 
also given consideration. Access by roads and transportation conditions 
are studied. 

The absence of a known method of ore treatment does not necessarily 
constitute an insurmountable obstacle but is rather a challenge to 
métallurgical skill and resourcefulness. New methods of ore treatment 
and new methods of cleaning and handling mineral have been successfully 
worked out as is shown by Trail, Ajo, and Chuquicamata, and in the case 
of the Chilean nitrates and Searles Lake potash. Research, experimenta- 
tion, and inventive power may be necessary, but the trail of the miner is 
marked by achievements of metallurgists and chemists who have come to 
his assistance. Given a sufficient quantity of ore or mineral of com- 
mercial value to provide the incentive, it isseldom that failure is recorded. 
New problems will continue to arise, but the background of past achieve- 
ment and experience is always available. 


20 ELEMENTS OF MINING 


Property.—Control of mining property may be by deed, by lease and 
bond, or by agreement based upon some royalty. The first comprises 
outright ownership of the land and its appurtenances, together with such 
water rights as may be attached to the property. The second comprises 
a conditional ownership for a certain period, which may be converted 
into complete ownership by the fulfillment of the conditions of the bond 
and lease, usually by completing certain money payments. The third 
is based upon the operation of the property for a given period and the 
payment of a royalty or a percentage of the gross value of the mineral 
taken from the property. An additional control is that exercised by a 
mineral-claim owner, who enjoys possession as long as he complies with 
the assessment requirements of the federal mining laws and such pro- 
visions as may be found in the state law. Leases may be given upon part 
of a mining property, and these are usually conditional on the payment 
of a percentage of the gross proceeds resulting from the sale of 
the ore or mineral sold by the lessee. Actual ownership of a mining 
property can be determined by a search of the county property records. 
Liens recognized by law are also determined from county records. 
Claims not of public record should be shown in the records of the company 
or individual owning the property. Payment or nonpayment of taxes 
against a property may be found in county records. These are matters 
of importance where a mineral property is to be purchased. The validity 
of a deed should be determined by a competent attorney. 

Neighboring Properties.—Boundary mining properties frequently 
involve difficulties with respect to the use of the ground surface for 
roads and waste-rock dumps and, through the operation of the apex 
right, to the ownership of ore bodies. It is for this reason that neighbor- 
ing properties are purchased and consolidations of mining properties are 
brought about. A farseeing management will secure by purchase near-by 
property which may be necessary for operating facilities or which might 
serve as a source of future embarrassment. 

Governmental Contacts.— Water rights, rights of way, utilization of 
water power, taxation, and the abatement of public nuisances, such as 
smelter smoke, pollution of streams by tailings or in other ways, bring 
the mine owner in contact with federal, state, and county governments. 
Where specific statutes regulate such matters, the individual or the 
company becomes responsible for their observance. Mining camps may 
be subject to housing and sanitary regulations. Mine operation may also 
be subject to specific regulations that have for their purpose the safe- 
guarding of the worker or providing compensation in the event of his 
injury. State inspection of mines is to be expected, and the reporting 
of accidents to the mine inspector is usually provided for by specific 
regulations. In: addition, mine management is called upon to supply 
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information relative to production, numbers of employees, and other 
subjects to government statistical divisions. Working of mining claims 
within the limits of national forests brings the operators under the 
jurisdiction of the Forestry Service and its regulations. The taking up of 
mineral claims and mill sites under the federal laws brings the claimants 
into contact with the Land Office when claims are to be patented. 
County, state, and federal government have therefore to be considered 
in relation to the operation of a mining property, and the manage- 
ment must therefore be informed as to the limitations originating 
from statutes or from regulations imposed upon the industry by govern- 
mental departments. 

Engineering.—An engineer observes conditions, gathers data, makes 
measurements and surveys, and then visualizes what is wanted. His 
experience and knowledge enable him to make or to supervise the prepara- 
tion of plans and details as well as to select the machinery to accomplish 
certain objectives, which may be a mine surface plant, a quarry layout, 
a metallurgical plant, a working shaft, or the development of a mine. 
The more completely plans are prepared, the more systematically can 
construction be accomplished and costs controlled. There is an orderly 
sequence that may be followed in construction, and this, when skillfully 
planned, results in the efficient use of labor, materials, and time. 
Materials must be purchased, transported, and properly stored in 
advance of requirements, so that when they are wanted no delays will 
result. The construction superintendent, foremen, and workers of 
different kinds must be recruited and brought to the job. Living 
quarters and commissary are prepared in advance of their coming. 

Sequence charts for materials, for handling labor, and for construction 
can be prepared and are based upon the plans, details, and specifications 
of the work. The endeavor is made to coordinate the work so that the 
objectives may be attained at a specified time. Each part of the prob- 
lem is analyzed by itself and then in relation to the whole. Parallel 
operations, distinguished from sequential operations, are carried out 
simultaneously, so that the end results of each parallel operation fit into 
the major sequence at the proper time and without delay. A construc- 
tion job thus involves a major sequence and parallel minor sequences 
coordinated with the major sequence and anticipated by an orderly 
stream of materials and equipment both for construction and as pro- 
vided in the plans. 

Time and its efficient utilization reflect the ability of the engineer. 
Delays result from vague and incomplete plans, inability to visualize and 
to analyze, unusual weather, poor supervision, inaccurate estimation of 
time schedules, failure to obtain deliveries of materials, and sometimes 
from hard luck or the incidence of unforeseen conditions. The selection 
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and supervision of construction crews are vital factors in obtaining 
efficiency and reducing delays to a minimum. 

Some mining engineers specialize upon design and construction of 
mining plants, some upon the operation of mining properties, and others 
act in consulting capacity to companies or to individuals interested in 
mining. Banks and other financial institutions often employ mining 
engineers to pass upon mining securities, to examine mining properties, 
and to determine the financial status of mining companies. Mining 
engineers occasionally enter the field of mine promotion and the financing 
of mining properties. The field of the mining engineer is a broad one, 
and there are opportunities for specialization in the major divisions of the 
. industry as in coal, iron, nonferrous metals, nonmetallics, placer mining, 
petroleum, and in construction materials as sand, gravel, and stone. In’ 
these major divisions there are opportunities for design, construction, 
equipment, for operation, and for consultation work. 
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CHAPTER II 
PROSPECTING 


Definition.—The fundamental meaning of the term ‘‘prospecting”’ is 
search, and the objective is discovery. It is sometimes loosely used to 
cover the operations incident to the determination of the boundaries of 
a mineral deposit. The surface discovery of a mineral deposit, and more 
particularly the metalliferous deposits, does not give an adequate con- 
ception of its extent, and as a consequence more or less underground work 
is necessary. The term “exploration”? may be applied to this extension 
of the discovery work. When exploratory work shows the deposit to be 
of importance, the subsequent work of defining the limits or boundaries 
and preparing it for the extraction of the mineral is termed “‘development.”’ 

Surface and Underground Prospecting.—Surface and underground 
work are the two natural divisions of prospecting. The two methods of 
surface prospecting may be termed direct and indirect. In the direct 
method the prospector endeavors to find an outcrop or the evidences of 
the existence of an outcrop in what he considers a favorable locality. 
Outcrops may be pronounced, obscure, or hidden. The ‘‘float,” or 
detached ledge matter resulting from the erosion of a deposit, may be 
found close to its origin or at a considerable distance away. The size of 
the pieces of float, the angularity or smoothness of the pieces, and the pro- 
portion of the pieces with respect to other material are of importance in 
approximating the distance from the outcrop and the size of the outcrop. 

It is evident that the application of this method must involve a 
great deal of work of a negative character. The limited area of surface 
exposures, the obscurity of most outcrops, and the relatively small 
amount of the debris (float) resulting from the erosion of these exposures 
are the factors that prevent the rapid discovery of all the outcropping 
mineral deposits. Thus accident may play a larger part than deliberate 
search. The announcement of a discovery, particularly of one that 
appears important, has the effect of stimulating search in the immediate 
vicinity with the result that often other discoveries are made. 

The ‘favorable locality”’ of the prospector is in or near a mining 
district that is either producing or in the exploratory stage, or else 
in a locality that “looks as if it might contain mineral.’’ While the 
expression is indefinite, the frequently marked characteristics of the area 
in the vicinity of a known ore deposit justify the intelligent prospector 
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in the use of the term. In other words, the surface soil and often the 
rock exposures about most ore deposits look different from those at a 
distance. In searching for an outcrop the prospector should system- 
atically examine the whole area and particularly the unusual and 
obscure rock exposures. The beds of ravines and gullies are 
favorable places, ,as often rock exposures are clear of debris and 
soil. The crest of ridges affords another area from which alluvial and 
soil material is frequently absent. Float, if present at all, is most likely 
to be in stream beds and ravines. If it is found, the general method is to 
trace it up a ravine until no more can be discovered. ‘The sides of the 
ravine are then searched and the float is traced up on one side or the other 
until no more can be found. If no visible outcrop occurs, trenching is 
resorted to. In hunting for float the material removed from the holes of 
small animals should be carefully examined. Diligent use of a pick and 
the breaking of soil-covered lumps of rock often reveal pieces of float. 
The indirect method presupposes a knowledge of structural geology 
and of the occurrence of mineral deposits. The more important types 
of rocks and rock alteration should be familiar to the prospector. The 
valuable minerals likely to be encountered should be carefully studied 
with the object of readily recognizing them. The method is briefly that 
of elimination. If we suppose a given area to be under examination, 
_ elimination can be effected by considering topography, rock associations, 
geological age, structural peculiarities, and type of deposit. The area 
under consideration may be completely eliminated, or the greater part 
may be eliminated as unimportant and the remainder classed as the 
critical area. The purpose is to restrict the detailed search to critical 
areas rather than to examine a large area indiscriminately. 
Topography.—A land area may admit of subdivision into two import- 
ant parts, one in which erosion.is active and from which a portion or all 
the surface products of weathering are removed, the other upon which 
the products of erosion are deposited. Naturally the former includes the 
topography of moderate to high relief, while the latter includes the 
topography of low relief. If the rate of erosion is greater than the rate 
of surface weathering, exposures of rock in place will result, while if the 
reverse is true, soil and detritus will accumulate and mask the rock 
exposures. As a consequence regions of high relief show many surface 
exposures of rock in place, while regions of intermediate relief are covered 
with soil and debris of varying thickness. The grade of a drainage 
system will vary from zero in the valleys to steep slopes in the mountains. 
The transporting power of a stream is dependent upon the velocity of 
the current, and velocity is dependent upon the grade of the stream bed. 
Boulders and stones are therefore deposited in the upper reaches of the 
stream, coarse gravel in the intermediate, fine gravel in the lower, and 
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sands and very fine gravel in the ae plains of the stream. Volume of 
flow also plays a part. — 

Mineral deposits are either tee talus, or ‘‘in place.” ain pros- 
pecting for recent placers, search would be confined only to those areas 
where deposition is or was active, thus eliminating all topography of 
intermediate to high relief. As placers are secondary deposits they 
could originate only in the stream systems that dissect formations bear- 
ing the valuable minerals; hence areas of alluviation containing placers 
are limited to certain favorable localities. It should be noted that 
in an extensive stream system varying conditions of grade are met with, 
and we may expect to find local deposition of alluvial material at places 
where the grade flattens. Where the source of the primary minerals is 
intersected and is confined to a restricted area, it is needless to say that 
placer deposits may not be expected above this source. 

Prospecting for placers is somewhat complicated by the fact that 
they were formed not only in the present epoch but also in the Quaternary 
and Tertiary periods. Modern erosion has left Quaternary gravel 
deposits as benches, often well above the level of the present stream ter- 
races, while segments of old Tertiary river beds have been exposed by 
erosion at considerably greater elevations. In some cases the condi- 
tions are reversed and the Quaternary and Tertiary deposits might be 
found beneath the present alluvial deposits. Many of the Tertiary 
gravel deposits of California were covered with lava flows and are now 
contained in the ridges and hills between which the present streams flow. 
Erosion in certain instances has exposed the edges and ends of these 
deposits and distributed the gravel down the hillsides. The prospector 
discovering this gravel can readily trace it to its source. Sometimes the 
old stream bed can be seen in an erosion scarp. Flat terraces, well above 
modern stream terraces, and old beach lines are worthy of the attention 
of the prospector in regions where modern placers have been discovered 
and worked. Beach placers also are sometimes found. 

Deposits,in place can be most readily found where the relief is mod- 
erate to high. Beck states: 


The oldest German writers made a distinction among mountains. They pre- 
ferred gentle middle mountains and flat valleys to abrupt, jagged, piecemeal 
mountains of Alpine character, and on the whole not without reason. Modern 
folded mountains in a geological sense, such as the Swiss Jura, the larger part of 
the Alps, and the Carpathians proper with their abrupt forms, contain, on the 
whole, but very scanty ore deposits; on the contrary, the old mountains, especially 
those whose principal uplifts fall within the Paleozoic period, such as the Erzge- 
birge and Harz, are on the whole much richer in ore deposits, and the same is true 
of the old mountains planed down by the activity of water. 


1 R. Beck, ‘The Nature of Ore Deposits,” translated by W. H. Weed, p. 662. 
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While in a general way this observation is valid as applied to some of 
our own mining districts, the topographic criterion must not be taken by 
itself; geological conditions must also be considered. Prospecting for 
metalliferous deposits is seldom attempted where alluvial or talus deposi- 
tion has deeply covered the rocks. A noteworthy exception may be made 
to this statement. In Minnesota many of the deposits of iron ore are 
covered with a deep layer of glacial drift. The topography is subdued, 
varying from flat to gently rolling. The few surface exposures gave the 
_ key to the situation and, in spite of the heavy surface covering, the dis- 
covery and delineation of many other deposits were made by test pits and 
boring. Sedimentary deposits are not infrequently covered by surface 
soil and no near surface exposures are to be found. The presence of such 
deposits can be discovered only by boring or deduced only by geological 
reasoning from distant exposures and a study of structural conditions. 
The key to the stratigraphical problem, where surface exposures are 
absent, must be sought either in the neighboring hills where erosion and 
uplift have exposed the formations or in the deep dissections caused by 
erosion. 

Rock Associations.—In a general way certain associations of rocks and 
mineral deposits have been noted. Sweeping generalizations concerning 
such associations must be viewed with caution. If mineral-producing 
localities are considered individually, valuable generalizations often can 
be made and are made. Specifically, coal is associated with sandstones, 
limestones, shales, and clays; petroleum with limestones, shales, soft 
sandstones, and slightly consolidated sands; magnesite with serpentines; 
garnet with metamorphic rocks; and phosphates with limestones and 
shales. Among the metals, gold ores are associated with quartz, quartzite, 
granite, slate, schist, diorite, andesite, rhyolite, andesitic tuff, rhyolitic 
tuff, limestone, etc.; copper ores with quartz, granite, monzonite, 
diorite, and limestone; lead ores with quartz, calcite, limestone, and 
quartzite; zinc ores with calcite, limestone, and quartzite; iron ores with 
cherts, quartzites, and slates; tin ores with granites and the minerals 
tourmaline and lepidolite; nickel and nickeliferous copper ores with 
gabbros, diorites, peridotites, and serpentines. 

Siliceous gold and silver deposits are sometimes divided into two 
groups, Tertiary and pre-Tertiary. The distinction is especially impor- 
tant. The Tertiary is associated with igneous rocks of Tertiary age 
and is in close association with local centers of igneous action belong- 
ing to that period. The deep-seated types are associated with igneous 
rocks of pre-Tertiary age, and where associated with sedimentaries, 
such sedimentaries are Cretaceous or older. Sedimentary rocks not in 
proximity to igneous rocks of pre-Tertiary age are unfavorable for 
the presence of precious metal deposits. Where they are in juxta- 
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position to igneous rocks their presence must be considered only as an 
incidental association. Undisturbed or only slightly disturbed sedi- 
mentaries are evidence of the absence of intrusive rocks and freedom from 
structural movements. Where deposits are genetically connected with 
igneous rocks, we must expect them to be present in areas characterized 
_by these rocks. Where they owe their origin to the action of under- 
ground waters not connected with igneous intrusion, we must expect the 
deposits to occur in proximity to the formations in which the minerals 
are disseminated and from which they were derived. Where they are of 
metamorphic origin we must expect them in metamorphic rocks, and 
where they are of sedimentary origin we must expect to find them in areas 
occupied by sedimentary formations. 

The principal rock groups are surface igneous, intrusive igneous, 
deep-seated igneous, metamorphic, and sedimentary. A given area 
where rocks of one or more of these groups occur may be divided accord- 
ingly, and deposits which are characteristic of one or the other should be 
sought for in the appropriate area. 

Another important consideration is rock alteration. It has been 
observed that where solutions of deep-seated origin have been at work 
they have in many cases attacked the enclosing wall rocks of fissures 
and have caused more or less extensive alteration. Sericitization, 
chloritization, kaolinization, and silicification are effects produced by 
hot fluids rising from deep-seated sources. Surface rock areas that show 
these types of alteration are important. Kaolinization and decomposi- 
tions due to weathering simulate and sometimes mask the effects of 
primary alteration. One noteworthy distinction can be made: Primary 
alteration is in many cases restricted to small local areas which often 
follow a given general direction and which are comparatively narrow, 
whereas weathering is generally widespread. The almost universal 
presence of pyrite in close association with ore minerals, the readiness 
with which this mineral weathers, and the highly colored nature of its 
residue often mark the weathered area in the immediate vicinity of an 
outcropping deposit and serve to distinguish it from the areas that show 
the alteration due solely to weathering. Pyrite occurs in small quantity 
in most igneous rocks, and when weathered may usually be distinguished 
from possible ore-bearing ground by the absence of other alteration prod- 
ucts of primary mineralization. 

Special studies of leached outcrops, first made by Charles H. White 
and Augustus Locke, and later by Roland Blanchard and P. F. Boswell, 
have resulted in the development of a technique for observation and a 
method of interpretation of the observations that are of value in indi- 
cating not only the presence of ore bodies at depth but also in teaching 
something of their nature. Roland Blanchard states that most leached 
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outcrops can today be translated, with more or less assurance, into terms 
of the sulphides or other minerals from which they were derived. How- 
ever, it is necessary to map areas carefully on the basis of painstaking 
sampling and thorough examination of the material by hand lens, micro- 
scope, and sometimes by chemical analysis. Slight differences in struc- 
ture, color, mineralization, and density afford the principal basis upon 
which discrimination is made, and when these are mapped certain areas 
can be distinguished and the critical areas can be selected. Locke in his 
book, ‘“‘Leached Outcrops,” gives details of his methods. Roland 
Blanchard and P. F. Boswell, in an article in the Engineering and Mining 
Journal, Feb. 18 and Mar. 3, 1928, give numerous examples of the signifi- 
cance of outcrops and their variations. 

Geological Age.—The prospector’s expression ‘favorable formation”’ 
is a recognition, crudely expressed, that certain rocks and series of 
rocks are more favorable than others. The accumulated facts of geology 
afford much that is of assistance to the prospector. In the search for 
sedimentary deposits geological age is of importance, but it is less so 
where metalliferous deposits are concerned. The work of geologists 
has brought out a number of important generalizations concerning the 
occurrence of mineral deposits in certain geological periods. 

It is evident that in all contemporaneous (syngenetic) deposits geo- 
logical age is significant, while in all subsequent (epigenetic) deposits the 
age of the rocks becomes very much less significant. If the period of 
mineralization can be definitely determined, all younger formations in a 
given area can be eliminated. It should be further noted that each 
locality and region has its peculiar associations, and where these are 
known or can be determined by study they become the criteria for the 
elimination of unimportant areas. Geological time limits are deter- 
mined by the examination of plant, shell, and animal remains and, where 
these are absent, by the stratigraphical relation to strata of known age. 

Structure.—Uplift, faulting, sheeting, and folding are of significance 
to the prospector. Syngenetic sedimentary deposits like coal may be 
looked for in undisturbed or only slightly disturbed rocks, but epigene 
ores of deep-seated origin can rise only through fissures, or breaks in the 
crust. As deep dissection of mountain masses by erosion facilitates 
detection of mineralized areas, elevated regions where the crust has been 
broken may be favorable places for finding ore deposits. 

Faults are of three classes: Those which have a genetic connection 
with ore deposition and which have provided the channel for the circulat- 
ing solutions; premineral faults, which have no bearing upon the problem; 
and postmineral faults, which might serve a useful purpose in exposing 
an ore deposit or might lessen the value of a mineral deposit by dividing 
it into widely separated parts. A much-faulted area is not necessarily 
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favorable, while a comparatively undisturbed area is apt to be unfavor- 
able for epigenetic ore bodies. Faults which are not mineralized and 
which do not intersect a vein are not significant. 

Zones of sheeting may be sometimes of considerable importance. 
Frequently the direction of a dominant system of sheeting planes is also 
the direction of faulting. In some cases deposition has been influenced by 
the intersection of sheeting planes and faults. In an area under examina- 
tion, sheeted rocks or shear zones should be scrutinized. 

The occurrence of gas and petroleum along the axes of anticlines 
causes this structure to be of special importance to the oil prospector. 
Faulting also is of importance, as this structural feature is often imposed 
upon the former. 

Types of Deposits.—A classification of the different types of ore 
deposits has been given in the preceding chapter. The characteristics of 
each type must be-learned from experience and study. The search for 
a particular kind of a deposit in any given area is simplified by knowledge 
of its characteristics. 

Miscellaneous.—The presence of a spring within a critical area is 
sometimes indicative of proximity to a fissure and thus may be the means 
of discovering a deposit. The significance of a spring can be determined 

‘by detailed study of its relationship to structural features. The deposi- 

tion of mineral compounds by the spring waters should attract special 
attention. In most cases the relationship of a spring to a deposit is 
obscure, but nevertheless the prospector should look upon it as a possible 
indication of proximity to a deposit and seek to discover its importance. 
Tertiary river deposits may sometimes be discovered by the fact that 
they are often underground watercourses and that dense vegetation 
results where the water reaches the surface and forms a spring. In 
many cases the vegetation may mask the spring, but its very presence in 
an unusual place is sufficient to attract the attention of a keen-eyed 
prospector. 

Vegetation usually masks outcrops and is an interference rather than 
an aid to the prospector, though in cases where there is a marked differ- 
entiation in the distribution of plant life, close observation in a given 
region may elucidate facts of value. The tracing out of a given formation 
by observing the presence or absence of tree growth is one of the possi- 
bilities. Beck mentions particular plant growths as characterizing 
certain outcrops, as for instance the calamine violet upon calamine 
outcrops; the Amorpha canescens upon limestone soils: above galena 
beds; in Montana the Hriogonum ovalifolium about silver veins. While 
the subject of the relationship of plant growth to mineral-bearing forma- 
tions is of no little importance, it must be said that no thorough study 
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has been made of it, and until this is done its value for prospecting pur- 
poses is an open question. 

Each of the two methods of surface prospecting, the direct and the 
indirect, is by itself useful. Both methods should be applied in any given 
case, It is evident that the application of the elimination method 
requires the careful examination of the area. Critical areas may thus be 
discovered, and the problem then reverses itself into an intensive examina- 
tion of such areas. The discovery of new mineral deposits will without 
much doubt be made by the careful examination of known critical areas 
or by the application of a method, similar in principle to that described, 
for the ciscovery of new critical areas. The successful prospector of the 
future will be one trained to make effective use of the accumulated knowl- 
edge of the geology of mineral deposits. 

Underground Prospecting.—In a narrow sense this term includes the 
driving of underground excavations from the waerkings of a known 
deposit. Extensions of a known ore deposit may be looked for upon the 
direction of its strike or dip. Ore bodies may lie within a certain forma- 
tion, which thus becomes the favorable zone and in which shafts, drifts, 
and crosscuts may be driven. Veins are frequently paralleled by other 
veins and systematic crosscutting at different depths may disclose them. 
Diamond and core drilling may be utilized in place of the ordinary work- 
ings. The careful study of the underground and surface geology and in 
particular of the habit of known ore shoots is a necessary preliminary to 
systematic prospecting of this nature. 

In a broader sense, all excavations made for the purpose of discovering 
ore or mineral are included in the term. Necessarily such workings 
are as far as practicable confined to critical areas. The promiscuous sink- 
ing of shafts and driving of crosscuts and drifts can be looked upon only 
as a waste. ire ' 

The simplest. working is the “surface trench.’”’ This is in the nature 
of a crosscut and should be driven transversely to the trend of the forma- 
tion that may carry ore or serve as a guide to ore. It must expose the 
underlying formations. The complete removal of surface debris from a 
critical area is attempted only under special conditions. In the Cobalt 
District (Canada) the surface soil in one instance was entirely removed 
by hydraulicking from an area under examination, and in another 
instance a large lake was drained and the silt and mud were removed. 
The narrowness and richness of the veins in that district were sufficient 
justification. The placing of surface cuts requires some judgment. The 
underlying principle should be to make each cut represent as great a 
length as possible. This requires the placing of limits upon the length 
of the area, The first cut is made in the middle. If no discovery is 
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made, the next two cuts should be placed so as to bisect the halves, and so 
on. Sometimes the thickness of the cover is the chief consideration in 
selecting the position of the trench. When the cover is too thick, recourse 
must be had to a crosscut tunnel or a shaft and crosscut. The placing of 
the shaft should follow the principle described for trenching. Where 
crosscuts intersect a vein or promising leads, drifting along these follows. 
Once a lead has been struck it is advisable to have the exploratory work- 
ings, whether shafts or drifts, follow this lead. 

Where the cover is thick, the area extensive, and no special indications 
worthy of following are found, boring is the most convenient method to 
apply and is quicker and in most cases less costly than shaft sinking and 
crosscutting. In placing boreholes the same general principle described 
before holds. In the absence of any special surface indications that 
might give preference to one part as compared to another, the whole 
critical area is delineated and a borehole is sunk in the center. This 
operation is continued until the nature of the underlying formations has 
been determined or negative evidence has been obtained. The center 
transverse line is divided on either side of the central bore. Boreholes 
are sunk at these points. If the evidence is negative, the longitudinal axis 
is divided in the same manner and two additional holes are sunk. 
Squares may be laid out from the parallel lines intersecting the boreholes 
and additional holes sunk at the corners. In prospecting work upon the 
Mesabi Range, which exemplifies the conditions named before, five bore- 
holes are sunk at distances of 500 ft. in a 40-acre tract, and if no ore is 
obtained the next 40-acre tract is treated in a similar manner. Where ore 
is discovered the tract is divided into 100-ft. squares, and additional holes 
are sunk at the intersections of the 100-, 200-, or 300-ft. ordinates. In 
prospecting a gravel deposit for the pay streak, transverse sections are 
made, the first section being a mid-point upon the length. Holes on this 
section are spaced 50 to 100 ft. apart. The use of boreholes for pros- 
pecting placer, iron, copper, lead, zinc, sedimentary, and saline deposits 
has received extensive recognition and is a convenient and successful 
method. Diamond-drill and core boring are made use of for prospecting 
in relatively hard formations. More or less success has attended their 
use for finding deposits of the precious metals. Extensions of known ore 
bodies or new ore bodies in proximity. to known ore bodies are frequently 
sought for by these methods. The use of the diamond drill for deep 
bores of 4,000 to 10,000 ft. for proving the extension of known gold 
formations in the Transvaal, South Africa, is a good example. 

Examination of Rocks, Alluvial Material, and Minerals.—In surface 
examinations, alluvial, talus, and gulch dumps claim the prospector’s 
attention. While float is often found in such material, the bulk of it 
will afford information concerning the nature of the formations from 
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which it was derived. It is thus possible quickly to find out many of the 
formations in a mountain range or upon a given watershed without 
conducting a laborious trip over it. Material from rock outcrops should 
be broken and fresh rock surfaces compared with weathered. Tests for 
hardness with a knife, acid tests, and the use of a magnifying glass enable 
the principal rocks to be readily determined. Where the material is 
finely divided a portion of it should be panned for heavy minerals and 
these, if present, should be determined. Concentration with miner’s 
pan, horn, or batea is one of the most convenient tests. Unusual rock 
outcrops and float should be tested by crushing a portion and panning. 
The following table shows some of the minerals that may be found in 
this manner. 


TaBLE 6 

Color of Concentrate Minerals Apt to be Present 
White or gray........... Cerussite, angelsite, barite, scheelite 
Sparkling white.......... Zircon 
Yellow.................. Tungstite, molybdite, wulfenite, monazite 
Yellow-metallic.......... Gold 
Red i... aie ey Cinnabar, proustite, pyrargyrite 
Purplisheasncen oe Cerargyrite 
Dark................... Hematite, hubnerite, wulfenite 
Dark red! sits coe Gea oaEnet 
Dark brown............. Cassiterite, hematite, hubnerite 
Black, shining........... Magnetite, specularite 
Black, dull 37-220. 00 aeeArgentite 
Dark, metallic........... Platinum and metals of the platinum group 


The fluorescent properties of some minerals, notably scheelite, are an 
aid to their identification in the field. Scheelite is often difficult to 
identify, as it resembles a numberof common minerals. Its high specific 
gravity helps in identification, but where it is disseminated in relatively 
low percentages it is generally overlooked. The ultraviolet light excites 
the fluorescence of scheelite, which glows with a bright blue light when 
pure, with a white light where accessory molybdenum is less than 0.5 
per cent, and with an increasingly yellow light as the percentage of 
molybdenum increases. The presence of scheelite even in small per- 
centages is readily determined by the use of the Mineralight, a portable 
lamp of special design for field use. This useful prospector’s aid enables 
a speedy and accurate examination of outcrops, veins, and underground 
workings. Many valuable scheelite deposits have been discovered by its 
use. Quantitative estimates can be made by determining the proportion 
of areas of fluorescence to total surface areas examined. This ratio 
multiplied by 1.2 gives the percentage of tungstic acid (A. W. Jolliffe 
and R. EK. Folinsbee). Such minerals as calcite, halite, calomine, 
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sphalerite, and others also show fluorescence of various colors, or some- 
times phosphorescence. 


GEOPHYSICS 


Until the advent of geophysics the discovery of mineral deposits was 
restricted principally to such deposits as were exposed upon the surface or 
whose presence could be deduced from geological studies of structure and 
by the identification of favorable strata. The geologist rather than 
the prospector took the leading part. Particularly in the search for 
petroleum the geological deductions became more and more important. 
The cumulative knowledge that resulted from the number of petroleum 
geologists engaged in this work rapidly built up a geological practice 
that is a valuable asset to the industry. Nevertheless, geological 
methods could not meet all the conditions, nor did the geologists in the 
metal-mining field find their methods comprehensive enough to meet 
the needs brought about by covered deposits that showed no clues as to 
their presence. Something more specific than speculation based upon 
general geological studies was needed. The diamond drill and the churn 
drill can be used to test speculative inferences, but the probabilities of 
failure are large and the cost limits it seriously. 

Probably the first instrument used in testing physical properties of the 
earth’s crust in place was the dipping needle, by which variations in the 
earth’s vertical magnetic component could be determined. Variations in 
compass directions as a result of magnetic masses, or local attraction, had 
long been noted. The dipping needle proved successful in facilitating the 
discovery of magnetic-iron ore bodies. Likewise, the measurement of 
variations in the horizontal component of the earth’s magnetic field 
indicated the position of abnormal areas. Better and more precise 
instruments were developed, such as various types of magnetometers 
and the earth inductor. In recent years a remarkable development 
of other methods has taken place. Electrical conductivity has been 
investigated in various ways. Variations in the gravity component, the 
measurement of the velocity of sound waves in various crustal media, and 
the measurement of radioactivity have been investigated, and both 
instruments and technique have been developed for the measurement of 
these properties of the earth’s crust. A departure from normal, in other 
words an anomalous condition, is the basis of all these methods. The 
deduction of the cause of the anomaly, whether it be an ore body, a 
structural change, a petroleum deposit or other mineral mass, or an 
unusual condition not resulting from such occurrences, is the objective. 
Upon the accuracy of this deduction hinges the success of geophysical 
prospecting. Usually the determination of an anomaly with reference 
both to position and to depth is insufficient; it must be interpreted with 
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reference to all the geological facts that can be obtained about structure. 
In addition, boring is necessary to confirm or disprove the theory that 
has been deduced. 

A considerable degree of success has been obtained with geophysical 
methods, and some of their limitations are now known. A background of 
geological as well as instrumental experience seems to be necessary for 
the successful interpretation of the measurements. This may be the 
combined effort of instrument man and the geologist, but the latter must 
be a thorough student of the geophysical methods that may be used. 
The cost of examining a given area by geophysical methods varies widely, 
depending on the.method used and the thoroughness of the work. 
Although the unit cost based upon the acre may not appear great, the 
aggregate cost of most geophysical surveys is high enough to limit their 
application. 

Magnetic Methods.—The magnetic susceptibility of minerals is wide- 
spread, but only a small number of minerals possess it in amount sufficient 
to be of use in their detection. The ferromagnetic group—native iron, 
magnetite, pyrrhotite, franklinite, and ilmenite—are the principal 
minerals in either massive or disseminated form that react sufficiently 
to influence the magnetic needle when they are close by and in sufficient 
quantities. Most rocks have little susceptibility, but rocks that have a 
moderate content of magnetite or ilmenite, or both, will react, though 
not so strongly as the pure mineral. Olivine gabbro, gabbro, serpentine, 
and to a lesser degree basalt are in this last-named group. The 
magnetic susceptibility of specularite is pronounced; that of chromite and 
hornblende is less evident. Although various tables of magnetic sus- 
ceptibility have been published, there seems to be considerable discrep- 
ancy in the values ascribed to the more important magnetic minerals, 
and there is a need for a scale of the magnetic properties of rock minerals. 
Metalliferous minerals, apart from the iron group, are so feebly suscepti- 
ble as not to admit of detection, unless they are associated with minerals 
of considerable magnetic susceptibility. At first sight it would appear 
that the scope of magnetic methods would be restricted to the detection 
of magnetic ore bodies or hematite, with which is associated magnetite, 
but there is a wider field. For example, placer deposits characterized by 
concentrations of black sand (magnetite) can be detected. <A still wider 
field is the study of formations associated with the more basic rocks or 
containing significant amounts of magnetite and ilmenite. 

Only three instruments will be described. The first instrument used 
to detect ore bodies by their magnetic reaction was the miner’s dipping 
needle. This consists of a magnetized needle swinging upon pivots in a 
vertical plane and with a graduated circle not quite in the plane of 
rotation. A balancing weight is placed upon the south portion of the 
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needle so as to balance the downward pull of the magnetic north. The 
needle is balanced so as to be horizontal or in a position normal to the 
magnetic dip. The adjustment of the instrument is made in a position 
where the earth’s magnetic field is normal or free from local disturbances. 
Only relative changes in the earth’s magnetic field are indicated. Read- 
ings of this instrument are taken after it has been oriented in the magnetic 
meridian and the needle has been released. The needle is read upon the 
swing. Some observers place the dip needle in a plane at right angles 
to the magnetic meridian (see Henry Louis, Mining Magazine, July, 
1921, p. 19) upon the theory that in this plane the needle will be affected 
only by the: magnetic ore body or other local anomaly. The chief 
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Fig. 1.— Hotchkiss Superdip magnetometer. 


virtues of the dip needle are its convenience and the rapidity with which 
observations can be made. It is not sufficiently sensitive to detect small 
anomalies, and it is impracticable for quantitative determinations of the 
vertical magnetic intensity. An exhaustive study of its limitations has 
been made by Noel H. Stearn in ‘‘ Geophysical Prospecting,”’ 1929, p. 345. 

The Hotchkiss Superdip magnetometer was devised to overcome the 
limitations of the dipping needle. Its sensitiveness can be adjusted. 
The principal parts consist of a bar magnet of special tungsten-cobalt 
steel so mounted as to swing readily in a vertical plane. To the needle 
are attached counterarms, which can be adjusted to a known angular 
relationship to the axis of the magnet. On one arm is a counterweight, 
which can be adjusted by varying its effective lever arm. Without the 
counterweight the assembly is balanced. The pivots of the magnet 
rest upon two parallel and horizontal agate edges. Centering devices 
and arrangements for raising and lowering the magnet are provided. 
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For determining the position of the magnet, a graduated circular scale 
is so placed that the magnet swings in its plané. It is graduated from 
zero at the top to 180 deg. on both halves. A mechanical finger and a 
small thermometer are also provided in the cylindrical brass case. A 
glass window covers one side of the case. The instrument is mounted 
upon a tripod with a four-screw leveling head. An accessory com- 
pass is also pre for orienting the instrument in the plane of the 
magnetic meridian. Figure 1 illustrates the 
important features of the instrument. 

Apart from its excellent construction, the 
Hotchkiss Superdip instrument has the advan- 
tage that its sensitivity can be varied over a 
wide range by changing the angle of the 
counterarms, the limiting angle for maximum 
sensitivity being the complement of the angle 
of inclination. As the maximum sensitivity is 
seldom needed, a smaller angle is ordinarily 
used. Stearn states ‘that at this maximum 
sensitivity one scale division is equal to a 3- 
gamma change in magnetic intensity (1 gamma 
equals 0.00001 gauss; the gauss is the c.g:s. 
unit of magnetic force and is equivalent to 
the force of a unit magnetic pole). Precise 
measurements with the instrument require 
corrections for temperature, diurnal variation, 
day-to-day variation, latitude, longitude, and 
for the base from which a magnetic survey 
*y is started. Technical Publication 370 of the 
Fig. 2—Askania vertical. A.I.M.E. gives many details of the use of this 

field magnetometer. instrument. 

The Askania vertical-field balance contains a magnet system consist- 
ing of two magnetized-steel lamellae of equal magnetic moment attached 
to the sides of a stainless-steel frame, which also carries three bronze 
adjusting weights. The weights at the ends of the center block are for 
adjusting the magnet system to any vertical intensity that may be 
necessary; the lower weight is for raising and lowering the center of 
gravity of the system so as to vary its sensitivity. A quartz knife-edge 
passes through the center of the system and is supported by quartz 
pieces of semicylindrical form. The mass distribution of the system is so 
arranged that the center of gravity is on the south polar side below the 
pivot and the needles are in a horizontal position. Devices for damping, 
for centering, and for placing the system in and out of action are provided. 
The whole is inclosed in a heavily insulated case. A small thermometer 
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is placed close to the magnets. A mirror is attached to the upper side of 
the steel frame, and by a system of lenses the angular movement of the 
magnet system is measured upon a fixed scale, light for this purpose being 
reflected by a mirror attached to the outside of the small telescope. The 
instrument is shown in Fig. 2, and the system of mirrors and lenses in Fig. 
3. Beneath the tripod top, in line with the prin- 
cipal axis, is a fixture for attaching the auxiliary 
magnets, which are carried in threaded sheaths. 
The arrangement is such that the vertical position 
of the auxiliary magnets can be varied and the 
distances from the centers of the auxiliary magnets 
to the quartz knife-edge can be read from a scale. 
The auxiliary magnets are used for extending the 
range of measurement and for determining the 
constants of the instrument. Corrections for 
temperature, diurnal, latitude, and base station are 
necessary for precise results. The instrument can 
measure magnetic anomalies of a low order. It has 
been extensively used in geological explorations in 
connection with petroleum and other minerals. 
C. A. Heiland, in A.J.M.E. Technical Publication 
483, gives an interesting account of improvements 
in this instrument. 

Other types of magnetic variometers are avail- 
able for the determination of the horizontal 
intensity of the earth’s magnetic field. The 
Thompson-Thalen magnetometer, the Askania 
horizontal field balance, the Kohlrausch horizontal 
variometer, and the compass variometer are 
examples of instruments used for this purpose. 
A comprehensive survey includes accurate measure- 
ments of horizontal intensity. Relative measure- 

: : Fie. 3.—System of 
ments can be taken by the magnetic compass by ji,,6re and lenses used 
observations at intervals along lines of known _ in the Askania magne- 
orientation. eee 

A magnetic survey requires the systematic observation of vertical 
and horizontal intensities at regular intervals along a series of parallel 
lines equally spaced and covering the area under investigation. The 
mapping of the system, together with the observations taken at the 
various points, is the important preliminary to the interpretation of 
‘the results. Significant sections are constructed, upon which the 
horizontal and vertical intensities are plotted to vertical scale. In 
addition, isograms, or lines of equal magnetic intensities, are plotted upon 
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the areal map. The final interpretation is worked out in conjunction 
with geological studies of the structure.. The magnetic anomalies aid 
the geologist, particularly where the formations are masked by surface 
soil. 

Gravimetric Methods.—Gravity is the force of attraction exerted 
by the earth in a direction towards its center on a body of unit mass. 
The gram is the unit mass, and the intensity of gravity at sea level is 
about 980 dynes. If the earth were built up of spherical shells each of 
uniform density and if it were a perfect sphere, the intensity of gravity 
would be equal at all points; but as the earth is a spheroid, the intensity 
of gravity is greatest at the poles and least at the equator. Likewise 
the rotation of the earth makes gravitational intensity less at the equator. 
Topographical irregularities also influence this factor, as does the varia- 
tion in the density of the various masses that constitute the crust of the 
earth. . It is this last fact that is taken advantage of in using a measure of 
the gravity intensity to determine the approximate position of structural 
masses that differ in their density. By geological-structural studies the 
nature of these masses can sometimes be inferred. Their outlines can be 
also approximately determined and their depth below the surface esti- 
mated more or less accurately. This is of importance to the geophysicist. 

Variations in gravity attraction can be determined by accurate 
pendulum observations, but the Eétvés torsion balance has been generally 
adapted for the purpose and has 
been widely used in investigations 
of this kind. With it the gravity 
gradient, or the rate of the hori- 
zontal variation of the intensity of 
gravity, and a function of the 
curvature of the level surface can 
be determined. Gravity gradient 
is defined as the difference in 
gravity intensity per horizontal 
centimeter and generally refers to 
the maximum or total gradient. 
It is represented on maps by an 
Lower arrow pointed in the direction of 
the increase of gravity and of a 
length proportional to the magni- 
tude of the gradient. Barton states that the measurement of the 
gradient by the torsion balance is due to the fact that the warping 
of the vertical, that is to say the divergence of the level surfaces, 
produces at each weight of the balance a small horizontal component 
of gravity equal to the horizontal gradient of gravity. The balance 
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Fic. 4.—Element of Eétvés torsion balance. 
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consists of the elements shown in Fig. 4, a horizontal aluminum 
beam suspended by a wire and carrying two weights, one at the end of the 
beam and the other suspended by a wire at the other end. Both weights 
are equal. In the z arrangement one weight is carried above one end of 
the beam and the other below, as shown at the right in Fig. 4. The 
latter arrangement results in a more compact instrument. The balance 
is protected by an outer case, shown in Fig. 5, and contains as acces- 
sories a mirror system and a_ photographic 
recording device. 

The unit of measurement for the torsion 
balance is the Edtvés, or 1 X 10-® dyne (per 
gram) per horizontal centimeter. Barton states 
the values of the gradient measured in the field 
range most commonly from 5 to 30 Eétvés, and 
the mean maximum gradient observed in his 
work was about 150 Eétvés. He states that the 
unit of measurement for the differential curvature 
should be in units of 1 X 107” radian per cm., 
as the significance of the magnitude lies in its 
indication of the difference of the warping of the 
level surface in different directions. The FR that 
is actually used in practice, however, is gravity 
times that difference, and is measured in terms of 
1 < 10-° dyne per g. per cm. (Hétvés units). a 
But as the reciprocal of the value of gravity in a a eo 
most places is within a few per cent of 1 X 107%, ance (Askania); height 
and as the field measurements of R are not © 4774 ins weight 93 Ib. 
accurate within a few per cent, the numerical value of R in terms of 
1 X 10-° dyne per g. per cm. (E6étv6s units) is the same for most practical 
purposes as the numerical value of the differential curvature in terms of 
1 X 10-" radian per cm. 

Determinations made by the torsion balance are the summation of 
all influences beneath the surface and near by. To get at the gravita- 
tional effect of earth masses, it is necessary to correct for topographic 
irregularities, whether elevations or depressions, and for the latitudinal 
variation in the earth’s northward or southward gradient. These 
corrections are usually subtractive, leaving a remainder that is assumed 
to be the resultant of geologic anomalies. Barton divides these anomalies 
into five orders of magnitude: (1) Those due to masses of the size of 
large mountains or large geosynclines, (2) those due to the masses of 
the size of small mountain ranges, such as buried granite ridges, (3) 
those due to masses of the size of the average anticline, (4) those due 
to minor geologic structures, and (5) those due to small irregularities 
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such as glacial boulders buried in the subsoil rather close to the 
instrument. : 

The torsion balance has been simplified and improved. Askania 
manufactures a new instrument of the photographic type, supported upon 
a light tripod. It weighs 55 lb. in the semiautomatic form and 86 lb. 
for completely automatic operation. By its use observation time has 
been reduced to 20 min. for a single station. Gravimeters of the spring 
type as well as improved pendulum instruments have been developed. 
The Hartley gravity balance is one of the former. Gravimeters are 
proving to be more convenient, rapid, and economical than the torsion 
balance and are displacing it. Heiland stated in 1939 that probably 
100 to 125 gravimeter crews were in the field in the United States. 
Descriptions of gravimeters are given by him in A.J.M.E. Technical 
Publication 1049. 

As gravimetric applications are rather narrowly limited to flat 
terranes, surveys require skilled interpretation. A gravity high or a low 
may be indicated upon the gravity map. A gravity high may indicate 
a rock mass of greater density than surrounding rocks. A gravity low in 
the Gulf Plain usually indicates the presence of a salt dome and a compre- 
hensive survey by this method enables approximations of form, limits, 
depth, and thickness of cap rock to be made. Details of such a survey 
are given by D. GC. Barton in A.J.M.E. Technical Publication 719. <A 
similar survey upon a salt deposit in Nova Scotia is given by A. H. Miller 
and G. W. H. Norman in A.J.M.E. Technical Publication 737. Both 
of these papers are worth the attention of the student. 

Seismic Earth-wave Method.—The velocity of earth waves produced 
_ by dynamite explosions varies appreciably in rock masses of different 
character. D.C. Barton gives the table of the velocity of longitudinal 
earth waves on page 41. 

It is this difference in the velocity rate that is taken advantage of in 
differentiating underlying strata. Rieber explains the elementary 
principle in the following way: In Fig. 6, I, the earth section is assumed to 
consist of two horizontal layers that differ in their densities and therefore 
in the velocities with which the longitudinal earth wave is transmitted. 
If a series of successive explosions are made at the points A, B, C, D, E, 
and F’, and the times for transmission are recorded at R, it will be found 
that the explosive waves from near-by points A, B, and C arrive at such 
time intervals that their velocities are the same. From the more distant 
points H, F’, and G the velocities are greater. Thus the waves travel for a 
part of their course in the denser medium, which hasa higher velocity rate. 
The effect. of the explosion is radial from the point of explosion. Two 
waves may be assumed, one in the surface medium and one which is 
refracted downwards to the underlying stratum and at some point on the 


PROSPECTING 


4] 


interface refracted upwards to the timing point R. Symmetry can be 


assumed as indicated in the figure. 


If time in relation to distance is 


plotted as shown in the lower figure, the velocity graph is a bent line, the 


retraction 
(ITI) 


(IV) 
Fie. 6.—Relation between velocities in different media. 


(After Rieber.) 


first portion representing the near-by points and the second the more 


distant points. 


Distance divided by time is the velocity rate. 


Some 


point exists along the surface at which the time for the transmission of the 
surface wave coincides with that for the wave taking the longer path in 
the lower stratum. This point is indicated by the distance L, in Fig. 6, 


ike 


If it is assumed that the velocity in the upper medium is V;, in the 
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Paleozoic sediments 
Mesozoic sediments 
Tertiary sediments 
Pleistocene sediments................. 


Minimum velocity Mean Maximum 
5.5 6.3 7.0 
2.1 5.3 8.0 
1.4 2.8 4.2 
eZ, 3.6 5.9 
3.8 5.0 5.7 
4.1 5.6 - 7.0 
2.2 4.5 Dad 
1.8 3.4 5.9 
ie Ziel 3.0 
1.4 2.2 3.6 
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lower medium’ V2, the angle of incidence from the upper to the lower 
medium A and the angle of refraction within the lower medium B, then 
the relation follows: sin A is to sin B as V; is to Vo. If B becomes 90 
deg., as is the case if the refracted wave skims the surface of the interface, 
then the proportion can be simplified by expression V;/V>2 equals cos @ 
where a is the complement of the angle of incidence as shown in Fig. 
6, III. An inspection of Fig. 6, I, will indicate that the difference 
between the time observation for the explosion of G and that for the 
explosion at F will represent the time required to travel the distance 6-7 
at the interface, and this divided by the difference in time will give 
Vo, or the velocity in the lower stratum. A simple graphical construction 
thus becomes possible. As constructed by Rieber, the angle a is deter- 
mined from the ratio of the two velocities. A line AB equal to ZL; is laid 
off and lines AG and BF are drawn making angles a with AB. Draw 
a normal CD at the center between A and B. With a center at A, draw 
an arc AC intersecting the line AG at G. Erect a normal at G giving 
the intersection H with the normal CD. Draw the line MN through 
H parallel with AB. The position of the interface is IN and the depth 
is CH as shown in Fig. 6, IV. The proof is as follows: Travel time AB 
is equal to time AMNB as AB equals L;; time AC equals AMH; time AK 
equals time AM (equal distance in same medium); KC/t equals V1; 
MH /t equals V2; KC/MH equals cos a, but MG also equals KC and 
MG/MH equals cos a The depth CH equals 4L; tan 4a from the 
construction. 

Rieber, whose proof is given in the foregoing, points out that this 
simple computation is limited to the condition that the velocity in the 
lower stratum is higher than that in’ the upper and that the interface 
between strata is parallel to the surface. It is also obvious that it holds 
where the line of shots parallels the strike of an inclined bed, in which 
case he states that the depth obtained will represent the normal distance 
to the inclined bed rather than the vertical distance below the surface. 
The formula does not apply in cases where the underlying stratum either 
dips or rises in the line of the shots, nor where the velocity in either 
medium is not constant. However, he states that given a sufficient 
number of measurements in any area, it is possible to determine whether 
the lower stratum is dipping or rising in the line of shots or whether the 
velocity in either medium is varying, and to arrive at corrections to be 
applied for these conditions, so that final solutions may be brought to a 
fair degree of accuracy in most cases. 

A line of shots received at a single station, or a single shot received by a 
series of instruments at intervals along a given line, is in the nature of a 
preliminary test of formations and conditions. Subsequent shots are 
fanned out from a given receiving station, each shot being at the end of a 


PROSPECTING 43 


radius from this station, or where a number of receiving stations are 
used, a single shot at the focus sends its impulses to each receiving instru- 
ment. The distance between the point of explosion and the receiving 
station may vary but must be such that, with the weight of dynamite 
charge selected, the impulses received by the seismograph are of sufficient 
magnitude to register. A second fan-shaped series of stations may be 
imposed over the same area covered by the first, as shown in Fig. 7. The 
second receiving stations are at different points. Barton states that the 
shot length varies with the type of work and the situation. By the reflec- 
tion method, the shot length is a function of the depth and the critical 
angle of reflection and ranges from 1.2 to 1.8 times the depth of the 
formation that it is desired to map or to avoid, and the respective 
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Fig. 7.—Fan-shaped nets established by two firing points and receiving instruments. 


velocities. - By the refraction method, now seldom used, the shot length 
is 3 to 5 times the depth of the formation to be mapped and less than 3 to 5 
times the depth of any lower high-speed formation that is to be avoided. 
He states that the shot length now commonly used in reconnaissance for 
salt domes along the coast of Texas and Louisiana ranges from 5 to 7 
miles, slightly less along the Mississippi coast, and about 344 to 5 miles 
in east Texas, but that where a formation having a velocity almost that of 
rock salt is present, the shot length is reduced to less than 3 to 5 times 
the depth of that formation in order to eliminate its effects. 

In recent years many improvements have been made in the instruments 
and technique of seismic work. Reflection exploration has displaced 
refraction methods. Geophones, amplifiers, recording cameras, and 
accessories are better and give greater control over field results. Field 
units for reflection work include a surveying truck with plane table 
outfit, a drilling truck with rotary drilling equipment and accessories, 
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a shooting truck with portable magazine, and an instrument truck 
with its equipment in place. A crew of about 15 men is required. 

Geophones react to earth waves resulting from a blast and generate 
a small current that is amplified by a vacuum tube such as is used in 
radio. The amplifier modifies or filters the signal by eliminating certain 
wave trains that might obscure the reflection record. The recording 
camera produces a record of each geophone signal upon photographic 
paper. The paper moves at the rate of 12 to 18 in. per sec., a light 
spot actuated by a galvanometer records a sinusoidal trace, and an 
electrical tuning fork produces a timing trace upon the same paper. The 
time of explosion of the blast is also recorded. 

In reflection shooting, 6 to 12 geophones are set along a line at equal 
intervals 50 to 250 ft. apart. They are placed on either side of the shot 
position, or the shooting point may be at one end of the line, which may 
be 1,000 ft. or more in length. The times of arrival of the reflected waves 
are almost simultaneous at all the geophones for a given reflecting forma-. 
tion and thus can usually be identified. Several interfaces at different 
depths may be recorded by as many reflecting waves, each set of waves 
occurring in sequence, the deepest formation recording last. The photo- 
graphic record thus indicates the time at which each reflecting surface is 
recorded on the several geophones. Elapsed time from the instant of 
shooting may be several seconds. Not all records are clear, so that experi- 
ence is necessary for accurate determination of the position of the reflec- 
tion wave upon the chart. The position and depth of the shot, as well as 
the position and elevation of each geophone, are given by the survey. 

Practice varies in the position of the line and the placing of geophones. 
Each field develops its peculiar technique. Continuous profiling locates 
two shot points, one at each end of the line, the first shot point having 
its last geophone at the position of the second shot point; after the 
record for the first shot point is completed, the last geophone of the first 
shot is moved to the first point and the second shot is recorded. A 
reflecting point common to both shots is thus obtained. 

In reflection shooting, many corrections are necessary before accurate 
time intervals are found. In addition, experiments are necessary to 
find out wave velocities in different formations. These velocities are 
used to compute average velocities of reflection waves. In A.I.M.E. 
Technical Publication 833, S. J. Pirson gives detailed examples of com- 
putations necessary to determine the space position of the reflection 
points. 

Comparatively shallow holes and small charges of explosive charac- 
terize reflection as compared with refraction shooting, where charges 
from 40 to 250 lb. may be required. Passing through soil, the hole 
bottoms in the unweathered zone some 5 to 40 ft. down. Permanent 
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ground-water level is usually a satisfactory depth. Charges of explosive 
range from a few pounds up to 15 to 30 lb., which is considered large. 

Reflection seismography has for its principal objective the determina- 
tion of the position, dip, and depth of a given formation or formations 
that may have significance in the search for oil. Brandt states that it has 
carried structural petroleum exploration down to 15,000 ft., that it is 
applicable to extensive, gently dipping formations, and that strata of 
50 ft. can be observed at a depth of 10,000 ft. 

Electrical Methods.—Sulphide ores, as distinguished from oxidized 
ores, have an electrical conductivity many times that of accessory 
minerals and rock formations in which they may occur. The one notable 
exception is sphalerite, of which most varieties appear to have a very 
low electrical conductivity. A metalliferous deposit below the surface, 
in which chemical changes due to circulating ground waters are taking 
place, may be the source of comparatively feeble earth currents. The 
detection of these earth currents or the determination of the locus of 
superior conductivity is the objective of electrical methods of prospect- 
ing. These methods have been developed in great variety and have 
obtained sufficient success to warrant the interest that is taken in the 
subject. However, many electrical surveys have failed to respond to the 
test of the diamond drill or to underground exploration, and as a conse- 
quence widely differing opinions as to their efficiency are held. 

The surface potential method was first introduced by Conrad Schlum- 
berger. In principle it is based upon the fact that an electrical current 
passing through the earth between two points is 


subject to distortion by the presence of an 
underground conductor, and that these distor- 
tions in the field can be detected by deter- 
mining equipotential lines upon the surface. 
If the conductor is at too great a depth or is of 
small dimensions, it will produce no detectable 
surface effects. In contrast to the foregoing, 
the self-potential method does not use an 
artificial current but determines the surface 
effects of the earth currents generated by the ore 
mass below. In both variants of the potential 
methods, nonpolarizing electrodes are used to 
establish the connection with the ground. The 


construction of such an electrode is shown in Fig. 8. 
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potential method, lines of equipotential are determined by the use of two 
electrodes connected by an insulated cable in the circuit of which are a 
two- or three-valve amplifier and a telephone, where alternating current 


is used. Where a direct current is used, a sensitive galvanometer is 
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placed in the circuit of the electrodes. In the self-potential method, a 
sensitive portable galvanometer determines the direction and magnitude 
of the earth current and a microammeter the current flow. 

In tracing out equipotential lines where an a-c field is used, one elec- 
trode is fixed and the other is used to search for a position where the 
potential is the same, which is indicated by silence of the telephone 
receiver. The first electrode is moved to the position occupied by the 
second, and the exploring electrode is used to find another point on the 
equipotential curve. In this way a number of equipotential lines are 
traced out upon the surface. The positions are recorded upon a map. 
Figure 9 illustrates such a map. The dotted lines indicate current flow 
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Fie. 9.—Equipotential lines; a-c field. 


and the solid lines equipotential curves. A conductor is indicated by 
the crowding of the curves about its apparent position as shown in the 
figure. 

Tracing of equipotential lines in the self-potential method is similar. 
Zero current in the galvanometer indicates that both the electrodes are 
on the same equipotential curve. Upon the surface above the con- 
ductor, the equipotential lines form a series of concentric ellipses as 
shown in Fig. 10. Eve and Keys suggest the following method: A course 
is selected and observations are taken at 100-ft. intervals. Holes are 
scooped out and watered for the reception of the nonpolarizable elec- 
trodes. The current flow is measured by a microammeter, and the 
direction of current flow is noted as each new point is occupied by the 
forward electrode. They state that the resistance of each electrode when 
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placed in a well-watered hole is about 500 ohms, so that the total resist- 
ance of the circuit is about 1,000 ohms, a microampere corresponding to a 
potential difference of a millivolt. On the completion of readings, 
distances and plus or minus value of the current are plotted. In travers- 
ing a vein, the current values gradually increase tO a maximum over the 
vein and then abruptly reverse to an approximately equal value as the 
center of the vein is passed, after which the readings gradually diminish 
and resume their minor fluctuations as the vein is passed. 

Lundberg states that terrestrial currents are generally too weak and ° 
unsteady to be useful for the purpose of electrical prospecting. Alter- 
nating current is preferable to direct current because it admits of amplifi- 
cation and avoids the difficulties caused by chemical polarization. The 
alternating current is impressed through two parallel conductors, which 
are brought into contact with the ground at close intervals by means of 
iron pins | or 2 ft. in length. Single-phase alternating current of audio 
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Fig. 10.—Self-potential method. 


frequency 50 to 10,000 cycles is used. Figure 11 represents the condi- 
tions of current flow in the presence of a conductor. The investigation 
of this electrical field is restricted to the surface and is similar to what 
has already been described. Equipotential lines are at right angles to 
the current flow, and their shape indicates the distribution of the current 
underground. Certain general conditions are given by Lundberg: In 
barren ground the current flows uniformly, is of normal density, and the 
fall of potential constant but fairly large, owing to the low conductivity 
of the’ground. In the ore mass the current density is much higher, and 
on account of the superior conductivity of the ore the potential drop 
becomes very small when compared to that of barren ground. The 
converging of the current to the ore body causes increased density in 
the wall rock just before the current passes into the ore body proper. 
The density will be increased above an ore body and on the sides. Obser- 
vations of potential taken at equal intervals of 5 to 10 ft. apart along a 
line transverse to the length of the ore body will show pronounced maxima 
above the boundaries of the ore body. Equipotential lines can be traced 
by means of two iron electrodes connected to a telephone receiver, 
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points of equal potential being indicated by the absence of sound in the 
receiver. ‘The points are marked out upon the ground and then recorded 
upon a map. They are shown as curves in Fig. 11. 

An interesting application of electronic equipment has been made by 
G. R. Fisher of Palo Alto, Calif. The prospecting instrument consists of 
a transmitter and a receiver contained within two parallel wooden bars of 
such length that a distance of about 6 ft. separates the two. The space 
between the bars is occupied by the user. Shoulder straps support 


, the instrument, which weighs about 
Grounding 


> Electrode PINS 26 lb. The transmitter contains a 


OO 


battery and transmitting loop, the 
frequency being about 125 kilocycles. 
The receiver has a receiving loop and 
amplifier as well as controls and an 
instrument for indicating unbalance 
and its degree. Under normal condi- 
tions with the instrument level the 
indication is zero. When the instru- 
ment is carried over an underground 
conductor a secondary field results 
and distortion or unbalance is indi- 
omtsdbtsdostdssisssss ss eated. The range of the finder is 
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Fre. 11.—Single-phase a-c field in 


metals and minerals that are con- 
presence of a conductor. (Lwndberg.) 


ductors. Probably the principal use 
to which the M scope has been applied is the locating of pipe lines by 
many utility and water companies. Fisher has constructed modifica- 
tions of the instrument which show greater depth range and which may 
be useful for ore prospecting. 

Resistivity.—Measurement of earth resistivity has found wide- 
spread application in near-the-surface exploration. It is an aid in 
unraveling geologic structure such as contacts, faults, bedrock positions, 
water zones, and the presence of conductive masses where they are sur- 
rounded by highly resistive rock masses. Its findings are not always 
accurate. As in other geophysical methods, geological study is essential 
as an aid to interpretation of resistivity measurements. 

Measurement methods stem from the work of F. C. Wenner. Figure 
lla shows an arrangement of instruments and electrodes for the deter- 
mination of earth resistivity. Two primary electrodes supply current. 
They are iron rods driven a foot or more into the ground and receive 
current from a d-c generator or battery. A potentiometer, connected to 
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two secondary electrodes P; and P2, is used to measure the voltage 
between the electrodes. A commutator K, reverses the current flow at 
the rate of 30 reversals per second and thus screens off stray currents; a 
second commutator K, serves to rectify the alternating potential between 
P,and P;. By adjustment of the resistances R; and R, for a null posi- 
tion of the galvanometer, the current A and the voltage at V2 may be 
read. The electrodes are in line and spaced at equal distances a. Speci- 
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Fic. 1la.—Arrangement of instrument and electrodes for determination of earth resistivity, 
(A.I.M.E.) 


fic resistance of the earth is given by the following equations, after 
G. F. Tagg: 
sy u = R ohms; p = 2rak 
where V = volts 
I = amperes 

If a is in inches, p will be in ohms per inch cube, or ohm-inches; if a is in 
centimeters, p will be in ohms per centimeter cube, or ohm-centimeters. 

The position of the station, the electrode separation, and the azimuth 
of the line of electrodes may be varied. Hubbert states that the apparent 
specific resistivity is measured as an empirical function of any or all of the 
variables. He gives several techniques: A longitudinal traverse profile 
signifies the maintenance of the line of electrodes parallel to the traverse 
line; a transverse traverse profile requires the line of electrodes to be at 
right angles to the traverse line at successive stations; a circular profile 
indicates the rotation of the line of electrodes about a station at regular 
angular intervals; a depth profile results from successive increases in the 
value of a, the electrode separation, with station position and azimuth 
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unchanged. A resistivity survey includes the establishment of a number 
of carefully surveyed stations or stations tied into survey marks, at which 
points the measurements are made. 

A large number of resistivity measurements may be required in 
exploring a given area. In depth determination the results of a series 
of measurements with the center of the electrode system at one point 
and successive increases in the electrode distance are graphically plotted 
against the electrode interval a. A sudden change of curvature is 
assumed to indicate that the earth mass causing this sudden change les 
at a depth equal to the electrode interval at which the change took place. 
Such empirical methods of interpretation are based upon the assumption 
that all the electrode positions are in one plane and that the intervening 
earth mass is homogeneous, which may be so in many cases. 

Two papers are suggested to the student: Results of Earth Resis- 
. tivity Survey, by M. K. Hubbert, A./.M.E. Technical Publication 463, and 
A.I.M.E. Technical Publication 683. Both give examples of resistivity 
surveys. F.C. Wenner’s paper, A Method of Measuring Earth Resis- 
tivity, is published as U.S. Bureau of Standards, Bulletin 12, 1916. 

Miscellaneous Methods.—Many geothermal data and underground 
temperatures have been recorded. Temperatures may be accurately 
measured by thermocouples designed for this service, although the mer- 
cury thermometer is more often employed. Temperature surveys of 
boreholes may result in something of value in mineral search. The 
significance of such temperature determinations is more or less unknown at 
present, but research may develop important correlations with structures. 

Radioactivity has importance in determining the age of rocks and 
has been of use in correlation of sedimentary strata. It has also played 
a part in the search for radioactive minerals and their deposits. 

It is rumored that radar is to play a part in mineral search, but no 
information is available at present. It is still a military secret. 

The examination and analysis of the gases found in soils are of impor- 
tance in the search for oil and gas deposits. Rock analyses are some- 
times used in the correlation of geological formations. Petrographic and 
spectrographic methods are used more and more frequently. Mi- 
croanalysis is assuming greater importance in the examination of mineral 
fragments. 

Aerial reconnaissance and photography are important in many 
mineral areas as an aid in the recognition of faults, formations, and 
structural features, as well as for surveying and mapping. C. H. White 
has employed color photography in his study of outcrop areas and has 
made use of color analysis for studying of rock specimens from signifi- 
cant alteration areas. C. A. Dobbel has made use of color photography 
for diamond-drill core records. 
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Future of Prospecting.—Long-tried simple methods of prospecting 
will continue to be used and a continued dependence upon surface show- 
ings is inevitable. Chance will likewise play a part in discovery. The 
trench, the borehole, and exploratory workings are the mining engineers’ 
probes. Though the amount of geological and mineral lore is very large, 
redistillation, condensation, and obsolescence are decreasing the bulk of 
significant material. What remains is still too much, however, for asingle A 
individual to know. Specialization is the answer in the fields of metals, 
industrial minerals, coal, gas, and petroleum, and these may be further 
divided. With respect to methods, specialists have been trained in 
mineralogy, chemical and spectrographic analysis, petrography, pale- 
ontology, geology, and the numerous divisions of geophysics. The 
mining engineer can not hope to compete with these specialists, but he 
should avail himself of their professional experience in the solution of his 
problems. The probabilities of success in mineral discovery are enhanced 
if the talents of specialists can be teamed at not too great a cost. It is 
also necessary that the mining engineer have a general knowledge of 
methods. 

The principal qualification of the technical explorer, according 
to A. Locke and P. Billingsley, is his belief that improvement can be 
made, and his equipment should include all possible devices that may be 
available from the world of science and industry. It is his special purpose 
to know everything that might find application. He should take the 
records of petrography, stratigraphy, and structure, and the group of data 
gathered by geophysical testing all into account and then reckon the 
probability of finding the hidden ore. 
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CHAPTER III 
BORING 


Purposes of Boreholes.—Boring and drilling, signifying the penetra- 
tion of alluvial material, rock, or formation by holes of relatively small 
diameter, are important in most mining operations. Boreholes are 
sunk for prospecting and formation testing; for outlining and sampling 
alluvial deposits, beds of salines, and ore bodies; for extraction of gas, 
petroleum, sulphur salt, and other salines; for ventilation and drain- 
age; for pipes, electrical conduits, and ropeways; for sand filling and culm 
flushing; and for fire fighting. In addition, relatively shallow holes are 
sunk for foundation testing for bridges, dams, and building sites. 

Methods and Limitations.— Hand methods are relatively unimportant 
but useful. They comprise various adaptations of the posthole auger 
and churn drill (1). The Empire drill (2), used in preliminary placer 
prospecting, makes use of both the churn drill and the auger. A well drill 
of the churn-drill type (3), power driven, is in general use for sampling 
placer deposits and near-surface ore bodies of lead, zinc, and copper. For 
oil and gas wells, the hydraulic rotary drill (4), first used in petroleum 
operations in 1901, has practically superseded the churn drill. The 
jetting drill (5) is in restricted use. Two other methods of importance, 
both rotary, are the diamond drill (6) and the chilled-shot drill (7). 

Most boreholes are drilled vertically. With the exception of the 
diamond drill, all methods are restricted to vertical holes, although the 
chilled-shot drill can be used for slant holes at moderate angles from 
the vertical. Holes are never actually vertical except near the surface; 
all have been found to deviate to a greater or less extent with depth. 
The diamond drill can be used to drill in all directions. The hydraulic 
rotary is sometimes used to drill slant holes by whipstocking, but such 
holes are started vertically. 

In all methods, except the chilled-shot drill and the diamond drill, 
the broken-up material over the area of the bore forms a sludge that is 
either continuously removed in mud-laden fluid, as in the hydraulic 
rotary method, or intermittently removed by a bailer, as in the churn- 
drill method. In diamond and chilled-shot drilling a core as well as a 
sludge is produced, the latter being washed out by a stream of water 
introduced through the drill rods. 

Boring may be accomplished by a rotary cutter or auger; by a 
chisel-shaped bit raised by a rod or rope and allowed to fall, being rotated 
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through a small angle at each stroke; or, in core drilling, by rotary cutters 
with or without hard abrasives set in the cutters, as in the diamond drill, 
by feeding chilled shot or steel fragments into the space between the wall 
of the bore and the core. In rotary methods, the weight of the drill rods 


and cutting tools, the speed of rotation, the kind of cutting tool, and the ~ 


nature of the rock determine the rate of drilling; in churn drilling the 
weight of the string of tools, the length of stroke, the number of strokes 
per minute, and the nature of the rock determine drilling speed. 

The unstable nature of soil and some sedimentaries necessitates 
the use of steel casing to support the walls of the bore, especially near 
the surface. Such a casing is driven from the surface. In unstable 
formations it follows the drilling operations closely or sometimes even 
precedes them. 

The diameter and depth of a borehole are restricted by purposes for 
which the borehole is to be used and by practical limitations. Shafts of 
large diameter have been sunk by boring methods, but these do not 
concern us here. Hand methods of boring are applied to holes ranging 
from 2 to 6 in. in diameter and to depths under 100 ft. All other drilling 
presupposes power, gasoline engine, diesel engine, electric motor, or steam 
engine. 

The deepest borehole as of Dec. 29, 1944, is Standard Oil Co. of 
California KCL 20-13 in Kern County, which was discontinued at a 
depth of 16,346 ft. without penetrating to commercial production. A 
31-in. drill pipe was used in the deepest drilling. Other deep wells are 
the Phillips Petroleum Co. Ada Price No. 1, Pecos County, Texas, 
completed in 1944 at a depth of 15,278 ft. and the Continental Oil Co. 
KCL A-2, Wasco, Calif., completed in April, 1935, at a depth of 15,004 ft. 
The deepest churn-drill hole is 7,248 ft.; the deepest diamond-drill hole 
was drilled upon the Rand, South Africa, to a depth of 10,718 ft. in 1938, 
being finished at a diameter of 216 in.; in 1940 the second deepest hole, 
also on the Rand, was completed to a depth of 8,702 ft. with a bottom 
diameter of 3 in. It was drilled with a Longyear No. 4 drill. These 
are all exceptional records. 

Core drills, except in very soft, fragile, or broken material, give an 
excellent record of the rock penetrated. The orientation or position of 
the core can be approximated, or more exactly determined where 
boreholes are surveyed. Some 100 per cent of core may be recovered 
in firm rocks. Experienced drill operators are necessary where a high 
percentage of core must be recovered in difficult formations. Except 
in shallow auger boring all boring methods yield a sludge from which 
a study of small particles must be made with a microscope, by panning, 
or by some other method. In placer prospecting the sludge is 
measured and washed to recover gold and accessory heavy minerals; 
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in other cases the sludge is thoroughly mixed and samples are cut out by 
various types of sample splitters. The hydraulic rotary delivers its 
cuttings:in the mud fluid used in drilling, and the separation of the 
cuttings by screening is not satisfactory. Where accurate formation 
testing is necessary a coring attachment is used with the rotary, and 
significant cores are obtained at important strata. 

Description of Methods.—(1) Hand augers are used for testing 
shallow alluvial deposits. Four types of augers are shown in Fig. 12. 
Posthole augers A and B are quite satisfactory in sand, earth, and similar 
material. C and D are used with 
the Empire drill. D is used for clay 
and C for ordinary material. Exten- 
sion rods are constructed of 34- or 
l-in. pipe or, as with the Empire 
drill, solid square rods 1 in. in section 
can be used. For turning, a tee 
fitting and pipe handles are used with 
the pipe and a special type of handle 
with the square rods. The cycle of 
operations needs no description. For 
relatively deep holes a derrick 15 to 
25 ft. in height, equipped with lifting 
tackle, is necessary. Light riveted 
casing of the ‘“‘stovepipe’’ type or 
simple drive pipe is used in sand and loose material. The casing is driven 
a short distance; then the auger is inserted and the sand is removed to 
a depth of.a foot or more, after which the process is repeated. 

The rate of drilling depends on the diameter of the bore, the nature 
of the material, the tools, and the experience of the men. For example, 
two men working 11 hr. and three men 4 hr. drilled a 2-in. hole 40 ft. 
deep in clay shale and wash iron ore; two men put down a 2-in. hole 18 ft. 
in clay, sand, and sandstone in 5 hr.; two men working 5 hr. and three men 
25 hr. put down a 63-ft. hole 2 in. in diameter in clay, iron ore, and sand- 
stone.! 

2. Empire Drill— The Empire drill (Fig. 13) is designed for pros- 
pecting alluvials. The drill consists of a flush-joint casing, on the lower 
end of which a toothed cutting shoe is placed and on the other end a light 
steel platform upon which the drillers stand. The platform is provided 
with an attachment in which a sweep can be inserted and the casing 
and platform rotated by manpower or horsepower. Rotation keeps the 
casing loose and free. In soft ground the drilling tools consist of augers; 
for firm ground or rock, bits similar in construction to those used in 

1 Min. Sci. Press, vol. 74, p. 452; Trans. AJ.M.E., vol. 27, p. 123. 
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well-drilling outfits. They are attached to solid drill rods (5-ft. 


sections), which are raised and allowed to fall. 


required for the ordinary outfit. 
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Fig. 13.—Empire prospecting drill. 


of which two kinds are used. Both are provided with ball valves for the 


retention of the cuttings and are used with the drill rods. 


The “drilling 


pump” is equipped with a cutting shoe so that cutting and removal of 
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cuttings can be simultaneously effected. As the hole is sunk, 5-ft. lengths 
of casing are added, and when the desired depth is reached the casing is 
pulled by attaching a special pulling head and using a stand and lever. 
Figure 13 illustrates the method of operation and the arrangement for 
pulling the casing. The weight of a 4-in outfit, equipped with 25 ft. of 
4-in. casing, is 1,500 lb.; 50 ft., 2,000 lb.; 75 ft., 2,500 lb., and 100 ft., 
3,000 lb. The weight limit of each piece is 75 lb. A smaller drill for a 
casing 2.5 in. in diameter is also manufactured. 

3. Rope or Churn Drill.— Modern practice has made many mechanical 
improvements in this method, which is of great antiquity. The develop- 
ment of special metals and alloys 
has resulted in improved design 
of drilling rigs, of which many 
specialized types are available. 
Two are widely used in mining 
operations: One is the so-called 
‘prospecting drill,” the other a 
much heavier type also used for 
prospecting but more generally 
used for blasthole drilling in open 
pits and quarries. Alluvial de- 
posits, sedimentary formations, 
altered monzonites, and moder- 
ately hard rocks can be bored 
with the churn drill. It is not 
adaptable to or at best is too 
slow for the hard, compact, and 
tough metamorphics and crystal- 
line rocks. 

The cutting tool consists of a 
steel bit weighing from 150 to 
200 lb., attached to a drill stem 12 
ft. in length (in the lighter drill 
rigs) and 4.25 in. in diameter, and 
to a wire-rope swivel socket. 
The swivel socket automatically ——— 
turns the tools at each stroke. 1! ERENCE oS drill, 
Older types of tools included 
jars in the string of tools, but these have been superseded by sand- 
line-operated jar bumpers. Bit, stem, and socket are connected by 
standard screw joints of the tapered type used in oil-well tools. The 
string of tools is suspended by a left-laid 5g-in. wire-rope drilling cable. 
The sand line is a regular-lay wire rope, 3g in. in diameter. The placer 
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prospecting rig is equipped with two kinds of bits, the placer bit and a 
heavier rock-type bit. 

Tool equipment weighs about 1,861 lb., and the maximum weight 
of the string of tools is 1,000 lb. The operating mechanism consists 
in part of a 22-hp. four-cylinder gasoline engine driving a jJackshaft | 
pulley through belt and belt tightener; the jackshaft carries a clutch and 
pinion to drive the spudding gear, a clutch and pinion to drive the “bull- 
reel” gear (drilling-rope drum), and a friction pulley to drive the sandline 
reel pulley. A worm-gear feed, operated by a handwheel, controls 
the movement of the bull reel during drilling. The normal speed of the 
spudding beam is 48 strokes per minute. Three lengths of stroke are 
available by changing the position of the crankpin on the spudding gear: 
Maximum 30 in., intermediate 24 in., and minimum 18 in. Figure 14 
is a general view of a prospecting drill. ' 

Two kinds of bailers are included in the equipment of prospecting 
drills. One is the vacuum type, 4% in. by 8 ft., and the other a flat-valve 
or dart-valve type, 434 in. by 10 ft. Stuck drills are worked loose by a 
jar bump, which fits around the drilling cable and is raised and allowed to 
fall upon the rope socket by means of the sandline. The jar bump 
measures 214 in. by 12 ft. Drive clamps, fitted with slip bushings to 
enable quick attachment to the drill stem, are necessary equipment for 
driving casing. Driveheads fitting over the outside of the casing pipe 
with tapered threads to fit the pipe prevent damage to the casing while 
it is being driven. Drive shoes with sharp-angled cutting edges are 
provided for attachment to the bottom section of the casing line, which 
is extra-heavy drive pipe 6 in. in diameter (28.57 lb. per ft.). Other equip- 
ment consists of a tool-sharpening kit, square tool wrenches, chain tongs, 
bar-and-chain tool tightener, and a casing-puller jar attached to the 
drilling stem and provided with.a knocking head that screws into the 
pipe coupling. The Jar is operated by the spudding beam. Fishing tools 
of various kinds are sometimes included in the equipment but are not 
often required for shallow-hole work. For holes deeper than 100 ft., 
fishing-tool equipment should be included. Figure 15 shows the tool 
equipment. 

The rate of drilling depends upon many factors, such as the total 
time for moving, setting up the drills, actual drilling and casing, pulling 
the casing and preparing to move, and the footage drilled, as well as upon 
the weather, the nature of the ground, the experience of the drill crew, 
delays, and the availability of supplies. Rates for placer prospecting 
range from 10 to 25 ft. per shift; for soft ground, 20 to 50 ft. In frozen 
ground, where casing is sometimes not used, drilling rates are higher. 
In copper-ore prospecting, the average for holes 400 to 600 ft.-in depth 
was 21 ft. per 12-hr. shift. Moving the rig, delays, repairs, and lowering 
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and pulling the casing may consume 40 per cent of the total time, leaving 
some 60 per cent for actual drilling. Costs vary greatly. At Nome, 
Alaska, Rickard reported 93 cents per foot as the cost of drilling frozen 
ground without casing and $1.50 to $3.00 per foot with casing; Notman 
gives the average cost of drilling 60,000 ft. in Arizona (copper-ore 
prospecting with holes 400 to 600 ft. deep) as $1.97 per foot. Present- 
day costs would be from 1.5 to 2 times the foregoing. 

In placer drilling, large boulders are sometimes encountered and 
cause difficulty. When square with the hole they are drilled through, 
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Fie. 16.—Heavy blasthole churn drill. (Bucyrus-Erie Co.) 


but when the top surface is on a slant, drilling may cause the bit to 
angle off, thus fitchering the hole, sometimes sticking the bit, and causing 
the casing to bend. In drilling through boulders, sand is first removed, 
and sometimes thick clay is thrown into the hole to form a sludge that 
will carry the sand in suspension and enable the bit to strike the boulder. 
The smaller boulders are smashed. Slant boulders are blasted by the 
following method: <A charge of explosive with electric detonator is 
placed in a short section of stovepipe closed at its lower end by a plate 
of wood, the casing is pulled up about 3 ft., the charge is lowered to the 
bottom, and the blast is set off from a safe distance. After blasting, the 
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hole is thoroughly cleaned out to about 6 in. below the blast before 
regular drilling is started. 

Boring for sampling purposes, other than placer, involves deeper 
drilling and heavier drilling rigs, but otherwise the principles are much 
the same as in placer prospecting. Casing is used to ensure a uniform 
bore. As the formations are more homogeneous than the sands, gravels, 
and alluvium encountered in placer ground, drilling is more uniform; 
casing is harder to drive and drilling ahead of casing is general; under- 
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Fie. 17.—Rotary-drill bits. 


reamers may sometimes be necessary; casing may be harder to retrieve; 
and tool accidents may be more frequent. Boring for blasting purposes 
seldom requires casing except at the collar of the drill hole, and the work 
is on the whole simpler than where sampling is necessary. Holes are 
from 35 to 150 ft. in depth. Figure 16 illustrates a heavy drill for blast- 
hole work. 

In both placer and other sampling operations, two records are kept. 
One is the drill operating record, and the other is the formation and sam- 
pling record. The former is a time log involving moving up, preparation, 
drilling, trouble, drawing casing, dismantling, and delays. The latter 
log gives vertical position of samples, sampling length, formation changes, 
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observations on mineralization and details affecting handling and marking 
samples. In boreholes for blasting purposes, the log of drilling operations 
with notes on formation changes is all that may be required. 

4. Hydraulic Rotary.—In its modern application the hydraulic 
rotary drill consists of a sectionalized steel tubing joined by tapered screw 
joints, the upper end being attached to a hollow bar of square cross sec- 
tion, the kelly, and the lower to a cutting bit such as the fishtail (A, 
Fig. 17), the diamond point (B), or the drag bit (C), which is sometimes 


Tia. 18.—Rotary-drill turntable and swivel connection. 


used with chilled shot in drilling hard formations. Various designs of 
the Sharp and Hughes cone bit (D) have found wide application for 
drilling hard rocks. 

Figure 18 illustrates an early form of turntable, which rotates the 
kelly bar and allows it to be fed down as the bore deepens. <A swivel 
connection is attached to the kelly bar at the top, and the whole drill 
string is suspended by wire ropes and blocks from the crown block of 
the derrick. Mud fluid is circulated by pumps, which deliver to a hose _ 
connection with the swivel joint, Fig. 18. As the bore is deepened, 
successive lengths of drill pipe are added. The mud fluid supports the 
sides of the bore and returns to a sump along with the cuttings. The 
weight of the drill string plays an important part in the boring and may be 
diminished by the tackle suspension. Table speeds range from 26 to 143 
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r.p.m. Rates of boring may be as high as 200 ft. per day. Stationary 
and portable rigs are in use. Steam, diesel, or electric power may be 
used. This method is utilized almost exclusively in boring petroleum 
and gas wells, though a few applications have been made in blasthole 
drillings. 

5. Jetting Method.—The jetting drill is used to sink prospecting 
boreholes through surface formations such as gravel, soil, and glacial 
drift, as well as in iron ores. It consists of a sectionalized hollow steel 
rod on one end of which is a chopping bit, chisel shaped, and on the other 
a swivel hose connection and bail for raising and lowering by wire rope 
and hand winch. A stream of water is pumped through the rod and 
escapes through openings in the chopping bit. Casing is used, the upper 
end of which is provided with a T for the discharge of the cuttings and 
water. The drill is given a short stroke, 5 to 8 in., and is rotated by 
hand. A low derrick is necessary. Jetting drills used for iron-ore 
prospecting upon the Mesabi gave drilling rates of 25 to 40 ft. per shift 
for the first 100 ft. of hole and some 20 ft. per shift for greater depths. 
Light portable churn-drill rigs may be used with the jetting drill. 

6. The Diamond Drill.—Though rotary boring tools are very old, it 
was only in 1864 that a French engineer, Rudolph Leshot, used diamonds, 
set in an annular steel bit, for penetrating rock. Rotary tools with the 
bits set with this hardest known abrasive substance were used then for 
drilling blastholes in the Mont Cenis tunnel. The general principles of 
the diamond drill have remained much the same. Nowadays its appli- 
cation is in mineral exploration, not_in drilling blastholes, where it was 
soon superseded by the percussion rock drill. 

The diamond drill consists of a rotating mechanism carrying a hollow 
feed screw, at one end of which is a chuck for holding the drill rod tight. 
The feed screw is rotated by a bevel gear containing an inner quill that 
slides in a longitudinal slot in the feed screw, the bevel gear meshing with 
its complement, which is keyed to the engine shaft. The driving power 
may be a compressed-air engine, steam engine, electric motor, or gasoline 
or diesel engine. A clutch is interposed between engine and drive shaft. 
A differential feed, operated by gears and by a shaft parallel to the feed 
screw, allows adjustments for variation in the forward advance of the 
drill rod which can be thrown quickly into a neutral position. The 
assembly of the parts, known as the swivel head, can be swung through a 
180-deg. angle, thus clearing the line of the drill hole. Larger drills are 
equipped with: hydraulic feed cylinders and are provided. with a frame 
permitting the drill head to be racked back from the hoit. In drills for 
surface operation both engine and swivel head are mounted upon a steel 
frame, which also includes a small hoisting drum for pulling drill rods. 
The hollow drill tod, through which passes a stream of water, is rotated at 
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a comparatively high rate of speed. It is fed down until the bit cuts 
rock, when the feeding rate is regulated to accord with operating condi- 
tions. Drilling is by successive stages, determined by the necessity of 
removing the core. Sections of drill rod are added as the hole deepens. 
Figure 19 is a view of a prospecting drill. 

For a long time few improvements were made in the diamond bit, 
which consisted of a soft steel blank in which six to eight black diamonds 
were set by hand. Scarcity finally so increased the price of black dia- 
monds as to seriously restrict diamond drilling. In 1927 D. G. Longtin 


Fig. 19.—Gasoline-powered light prospecting drill on an inclined hole. (H#. J. Longyear 
Co.) 


tried out bort or small industrial diamonds in place of the customary 
black diamonds. He hand-set 40 to 72 stones in each bit and reduced his 
costs and increased his rates of drilling remarkably. However, the hand 
setting of many stones in a bit proved a difficulty. In the same year 
J. K. Smit tried to introduce a cast bit in which bort was used, but failed. 
F. Koebel and J. J. Koen were more successful with a cast insert bit in 
1937. F. W. Rolland took out patents in 1938 for the use of powdered 
metals in forming the diamond-holding portion of the bit. He used a 
cadmium, tin, and copper mixture fused into an alloy by heat and pres- 
sure. Thus appeared the mechanically set bit, which greatly lowered the 
cost. Next appeared bits consisting of a matrix of tungsten carbide and 
cobalt impregnated throughout the crown with 8- to 48-mesh size dia- 
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mond chips. Other matrices were also used. Cast, sintered, and 
impregnated bits are now available in various designs, some of which are 
shown in Fig. 20. 
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Fia. 20.—Clearances of bits, rods, couplings; some diamond-bit designs; sizes of bit blanks 
and casings; chopping bit. 

Faster cutting speeds and lower costs for diamonds have wrought a 
revolution in diamond drilling. In 1930 W. J. Mitchell introduced 
a drill weighing only 160 lb., mounted upon a standard rock-drill column 
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and clamp. Mitchell also experimented with coreless bits and tried out 
convex bits set with bort. In that year he used these coreless bits 
successfully for drilling grout holes at Boulder Dam. They indicated the 
possibility of using diamond-drill holes for blasting purposes. Early 
in 1929, W. I. Nelson described pillar mining at the Engels mine (Califor- 
nia). Down holes of 20 to 207 ft. and up holes of 20 to 183 ft. were 
drilled in the pillars by means of diamond drills, then loaded with gela- 
tine dynamite and Cordeau detonating fuse and successfully blasted. 
The technique and advantages of long-hole blasting were demonstrated. — 

The lightweight drill and cast, sintered, and impregnated bits have 
widened the field of the diamond drill. Many mines are now equipped 
with light drills and use them not only for exploration work but also 
for other purposes. In some mines, as at Noranda and Mt. Isa, light 
drills are used for blasthole drilling. Their practice follagvs that origi- 
nated by Nelson. There is a strong probability that the diamond drill 
will find greater and greater use where long blastholes can be used to 
advantage, as in pillar recovery and some forms of shrinkage and sub- 
level stoping. 


TaBLE 8.—Sranparp Bit AND CasING Sizes, INCHES 
(After Longyear) 


Casing 
Designation O.D. _Core Bit blank Casing bit 
diameter o.d. o.d. 
ON) DE i DY 
EX 14 Kk 16 lt i6 154 12%o 
AX 1% 1} 12740 2% 2 2%46 
BX 236 1% 2546 2% 21540 216 
NT / / 
ze 3 2% 2146 3h6 346. 3%6 
TABLE 9.—CoRE-BARREL, DRILL-ROD, AND CoupLtinc DimENnsIoNns 
(Longyear) 
EX AX BX NX 
O.D I.D O.D 110) O.D 1.D 0.D I.D 
Single-tube core 
barrel 2; Sin aie 1%6 1 1137, | 1% 2% 11M 6 | 22%. | 2% 
Couplings—core 
barrel.......... 14e. | He | 16 Me | 2%o % 22%. | 1 
Drill rods a ane 146 2746 1% 1134 ¢ 12%» 11346 23¢ 2 
Couplings........ 11445 | 1349 | 14844 | 1345 | 11546 | 56 | 2186 | 15/6 
Number of stones 
HOI ee: 185 200 235 300 
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Certain size standards for bits, casing, and drill-rod threads were 
established in 1930 by the Diamond Drill Manufacturers’ Association. 
Four sizes for bits, drill rods, and casing are standard, although other 
larger and smaller sizes are in use. Table 8 gives sizes of bits and casing. 
Table 9 gives dimensions of core barrels, couplings, and drill rods. 


© 


Fie. 22.—Light diamond drill with rod puller. (Chicago-Pneumatic Tool Co.) 


The EX bit is used mainly for shallow holes up to 1,500 ft. or more. 
For holes 1,000 ft. or more in depth, larger bit sizes and core diameters 
are considered necessary. Holes of 1,000 ft. are comparatively common 
in exploration work, but deeper holes are much fewer in number. A 
drilling campaign may require many holes 400 to 500 ft. in depth, a few 
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of 500 to 1,000 ft., and only one or two over 1,000 ft. Only recently a 
3,000-ft. hole was drilled horizontally in a Grass Valley mine for explora- 
tion. Very deep diamond-drill bores are of 5,000 to 7,000 ft. and are 
vertical. 

Larger bit diameters than the standards given in Table 8 have been 
employed for special purposes. At one time diamond drilling was tried 
out for petroleum wells in hard formations, but high cost and the develop- 
ment of rotary rock-cutting bits pushed the diamond drill out of this field. 
The largest diamond bit, 24 in. in diameter, was used in 1942 by the 
Mitchell Diamond Drill Company on dry-dock work. 

Dimensions of light drills upon the market are given in Table 10. 
Figures 21 and 22 illustrate different designs. 


Taste 10,—LicurweigHr D1iamonp Dritis, CotumMN MovuntTeEep 


Rod puller 
Weight, | Length Bit speed, 
rage ne Li Noes Stroke, | Weight, aoe 
in. lb. 
Longyear: 
Gopher2e neat erent Qe 180 24 30 80 0-3,000 
PROSPOChOL smusenae oer ecto 3.5 248° 12 33 73 520-800 
Sullivan: 
THES 1 5a rahe er ecerre 10° 155 27 37 114 0-3,300 
INOAG AS ca een Sean ore g 207° 18 37 114 0-1,500 
Chicago Pneumatic: 
INO BD hae saan ne ean & 160 24 21 90 0—-1,500 
Holman? ian na eee mete © 230 24 “A rd high 


9 Signifies a compressed-air engine of the vane type. 

’ Drills marked ® consist of separable swivel head and air motor; all others have drill and air motor 
integral. : 

¢ Refers to the Sullivan compressed-air motor, which is not of the vane type. 

4 All drills except the Holman have gear-driven variable feeds and may be swung out of line for the 
withdrawal of drill rods. Holman has a hand-screw feed and a pressure indicator. 


A heavier drill for surface prospecting is the Longyear UG Straight- 
line. This is a gasoline-powered drill rated at 1,750 ft. Its specifications 
are as follows: EX bit; weight of drill complete, screw feed, 2,000 lb.; 
four-cylinder gasoline engine rated 25 hp. at 1,400 r.p.m.; spindle speed 
with medium-bevel gears 190 to 1,350 r.p.m.; hoist 9.5-in. diameter 
drum, face width 6 in., and rope capacity 150 ft.; cable 0.5 in. Many 
other types and sizes are available. 

With the diamond drill, cutting is the result of rapid rotation, pressure 
caused by either the feed screw or the weight of the drill rods, or both 
(in hydraulic-feed type drills by hydraulic pressure), and the abrasive 
quality and number of projecting diamond. points presented by the bit. 
The nature of the rock mass penetrated by the drill is necessarily an 
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important factor in determining drilling rates. Speed of rotation has 
been increased from 600 r.p.m. to 2,000 and even 3,000 r.p.m. Optimum 
speed is determined by conditions. Manufacturers are conservative 
in their advice about speed. At high speeds vibration increases greatly, 
with resultant shock and wear to the whole drill mechanism. Excessive 
vibration is difficult to control. Light drills are given maximum speeds 
of from 1,000 to 5,000 r.p.m. or more; the maximum for the heavier drills 
is about 2,000 r.p.m. Deep-hole drilling is restricted to about 1,000 
r.p.m. There seems to be an optimum speed as well as an optimum bit 
pressure, but these lack accurate definition. 


Fig. 23.—Core lifters; (1), (2), (8) portion of core barrel; (4), (5), (6) core lifter. 


The coring string consists of the diamond bit, reaming shell, core 
lifter, core barrel, ferrule, and a drill rod made up of 5- or 10-ft. sections 
connected by couplings. Figure 23 illustrates the parts of the core lifter; 
Fig. 24, the water swivels; and Fig. 25, the drill-rod clamps. A guide 
rod 10 ft. in length is used sometimes immediately above the core barrel 
to prevent deflection. It is an oversized rod; in the E size, 17%¢ in. 
o.d. and 1in.i.d. The drill rod passes through the chuck and the hollow 
feed screw of the drill and carries a ball-bearing water swivel, to which 
the drill water supply is attached. Diamond bits are of two general 
classes, bevel wall and straight wall; the former is used with and the 
latter without a core lifter. The reaming shell, into which the bit screws, 
is set with diamonds, which maintain the gage of the hole. The core 
lifter is a split cylindrical ring, the section of which is wedge-shaped. 
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When the rods are removed, the wedge ring, or core lifter, crowds against 
the core, breaking it off and retaining it in the core barrel. The core 
barrel is 5 or 10 ft. in length, though longer core barrels have been used. 
The ferrule is a hollow cylindrical piece in which longitudinal water 
grooves permit the water to pass; its function is to maintain alignment 
at the rear end of the core barrel, which is supported at its front end by 


Fic. 24.—Water swivels; (7) common water swivel with stem lubricators, (8) com- 
mon water swivel, (9) ball-bearing water swivel, (10) combined water swivel and hoisting 
plug. (Sullivan Machinery Co.) 


cadet Ensen eS CE SS 
Fig. 25.—Drill-rod clamps; (11) clamp closed, (12) clamp closed, (13) heavy clamp. 
: (Sullivan Machinery Co.) 

the bit and reaming shell. The hollow sectional drill rod transmits 
rotation and carries water to the bit; clearance of the E rod in a 1.5-in. 
hole is 349 in. all around, which is space enough for passage of water 
and cuttings. 

The majority of bits are processed, either cast or sintered set. They 
are made as flat-faced, full-contour, half-contour, and thin-faced bits. 
They are now commercially manufactured by methods that ensure 
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uniformity of gages. The use of low-cost bort has resulted in greatly 
reduced diamond cost, faster cutting, and smoother coring. Coreless 
or bullnose bits, used principally for grout and blasting holes, have 
appeared in considerable variety. Four types may be noted, the convex, 
the pilot, concave, and the flat-faced. W. J. Mitchell experimented with 
a convex bit about 1930 since which time others have experimented with 
different kinds. The concave bit appears to find considerable favor. 

Core barrels are of three types, the single tube, the rigid double tube, 
and the swivel double tube, with or without ball bearing. In the single- 
tube type, the water passes over the core and discharges through the 
waterways of the bit. Thus the core is under pressure and washing effect. 
In the rigid double-tube type, water passes down between the outer wall 
of the inner tube and the inner wall of the outer tube and is discharged 
through small holes in the reaming shell in proximity to the bit, part of 
the water being discharged at the bit and part returning around the core 
to escape holes near the top of the core barrel. The core is protected 
from any washing effect, and core recovery from soft friable rocks is 
increased. ‘The rigid double-tube core barrel is used without a core lifter, 
the driller depending upon favorable blocking near the end of a run to 
break the core. The swiveled double-tube core barrel permits rotation 
of the inner core barrel, thus causing less interference with the core and 
increasing core recovery. Double-tube core barrels are used where a 
high percentage of core is required in soft rocks. <A short, rigid tube is 
used for coreless and blasthole drilling. 

Numerous accessories are required for drill operation. A low-type 
derrick is used for surface work. A hoist, rope, and sheave facilitate 
handling drill rods into and out of holes. In deep-hole work a higher 
derrick reduces the number of makes and breaks, an important timesaver. 
Compressed-air-operated rod pullers take the place of the small hoist in 
underground work, although hoists are frequently used for down-hole 
work. The rod puller is conveniently attached to the drill support and 
can be used to operate in either direction by reversing the pulling dog in 
the offset arm. All deep-hole surface rigs should be equipped with 
safety clamps, which are placed at the collar of the hole and hold the 
drill rods during replacements of rod sections or when rechucking. For 
shallow down holes, lowering irons or pulling dogs are used to control the 
rods. At all times the rods must be held by the drill chuck, clamp, or 
safety dogs; otherwise they fall into the hole and a fishing job results. 
In the case of up holes, pulling dogs attached to a chain and near-by eye- 
bolt are used to give control of the rods; rod pullers are also used to hold 
and control the movement of drill rods. Fishing, pipe, and casing tools 
are essential to the driller’s kit. 

Casing is required where broken, fissured, and ravelly ground is 
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encountered. The casing bit is used to ream the hole to the size necessary 
to take the casing. Instead of casing, cement grout is sometimes used 
successfully to patch hole walls. Several lines of casing may be necessary 
in deep-hole work, sometimes as many as four. The casing has a flush 
joint and is made especially for diamond-drill bores. Various sizes have 
already been given in Table 8. 

Drilling rates involve many variables, including rod speed, pressure, 
bit construction and size, direction of hole, formation, coring, and drill 
operator’s experience. The mechanical condition and power of the drill 
play a part. Other things being equal, formation becomes the most 
important controlling factor. Hard, tough rocks drill slowest but yield 
good cores; soft rocks drill much faster but require slower rod speeds and 
more cautious drilling where the core is to be recovered. Jasper, tough 
hematite, quartz, quartzite, silicified limestone chert, diorite, granite, 
and the harder igneous and metamorphics give low rates; shale, slate, 
limestone, and sedimentaries give higher rates. Unconsolidated forma- 
tions, sands, gravels, and the like cannot be handled by the diamond 
drill. Where such rocks are at the surface, they are drilled by a churn 
or jetting drill, after which the holes are cased and the diamond drill is 
started upon solid rock. Fissured rocks, vugs, cavities, fracture zones, 
and selvages delay drilling, and when casing or cementation is necessary 
the time required for these operations slows down drilling. Very deep 
holes require a much greater proportion of time for running in and hoist- 
ing drill rods. Longyear estimates 1 hr. for hoisting and lowering rods 
in holes 500 to 750 ft. deep; for holes of a mile in depth, 8 to 10 hr. For 
rocks above a hardness of 3.4 to 4 (Mohs’ scale), EX or AX bits are used, 
but softer rocks require a larger bit size where core recovery is important. 
The larger the diameter of the hole, the greater the total cost. Very 
large diameters of core bits have been used in oil-well operations, but costs 
are very high. . 

Burned bits result from high speeds, excessive pressures, and poor 
water circulation. Under such circumstances sufficient heat is generated 
to cause the metal of the bit to flow, resulting in distortion, displacement 
of the diamonds, and a ruined bit. On the other hand, Coen states that 
at low feed rates, say 600 r.p.m. per inch of feed, diamonds sometimes 
polish and fail to cut. The bit must be forced up to its work at rates 
of 100 to 400 r.p.m. per inch of feed, depending upon formation 
conditions. The life of a bit may reach extreme limits of 800 to 900 ft. 
or it may be only 50 ft. Longtin gives the life of a bit in hard andesite 
as 28 to 50 ft. and in sandstone 225 to 275 ft., the diamond loss in the 
sandstone amounting to 2 carats per bit. Weslow gives examples of 
diamond-impregnated carboloy bits used on hard iron ore, including two 
EX bits, one of which had a life of 189.88 ft., with loss of outside diam- 
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eter of 0.048 in., the other 81.1 ft., with loss of 0.032 in. Maintenance 
of gage determines the life of a bit. The efficiency of the reaming shell 
in maintaining hole gage is also a factor. Too long a use of a bit may 
require reaming to restore the hole diameter. 

Water circulation is necessary. Pumps provide pressures from 100 to 
250 lb., which suffices for most drilling. Water absorbs the friction 
heat and removes the cuttings. It also acts as a lubricant, although 
dope or grease is also used on the rods for the same purpose. Longyear 
estimates the amount of circulating water as 150 to 175 gal. per min. 
where none of it is lost in the drill hole; much larger amounts are required 
where open formation causes water loss. 

Where core is being lost and sampling is necessary, the sludge is 
saved and used asasample. The relative proportions of core and sludge, 
assuming 100 per cent core recovery, are 33 and 67 per cent, respectively, 
for the EX bit; for the AX, 40 and 60 per cent; for the BX, 50 and 50 per 
cent. Core loss is represented by increased sludge. Various arrange- 
ments of sludge boxes are used for catching the sludge flow as it leaves the 
T at the collar of the hole. The sludge for a given run is taken as a single 
lot, the circulating water during the run being kept low. On completion 
of the run, the hole is flushed clear of cuttings and the rods are removed. 
In case of blocking, the rods are removed and returned, and any remain- 
ing sludge in the hole is washed to the sludge box or barrel. No dope or 
grease is used on drill rods when sludge sampling is in progress. Surplus 
water is decanted from containers; the sample is then collected and placed 
in drying pans. Sludge samples are not accurate where the hole loses 
water because of fissured ground. Under such circumstances the hole is 
cased or cemented before sludge samples can be taken. Hole tightness 
can be tested for by the use of a ‘‘hole packer” and pressure water. The 
requirement of careful coring and sludge sampling necessarily slows down 
drilling rates; both are factors to be taken into consideration in estimating 
drilling costs and time required for a drilling campaign. 

Many specific examples of drilling rates can be found, ranging from 
simple bit tests to average drilling rates of a campaign involving many 
holes. An underground drilling rate of 20 to 30 ft. per shift is often 
considered adequate. Hard compact andesite has been drilled at the 
rate of 60 ft. per shift by a coreless bit. J.Q.St. Clair gives an interesting 
account of a drilling campaign undertaken by a South African gold mine. 
Three light drills were used, a Sullivan No 6, a Mitchell, and a Boyles 
Bros. Bits were set with Congo-type bort—EX size with from 46 to 102 
stones; reaming shells 34 to 46 stones. There were 245 holes drilled to 
an average depth of 76 ft., shortest 1.5 and longest 534 ft. Fifty-four 
per cent of the holes did not exceed 60 ft. in depth. Underground drilling 
totaled 17,724 ft., surface 913 ft., reaming for casing 300 ft., drilling 
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cemented holes 166 ft.; total 19,103 ft. Time distribution, by percentages, 
was as follows: Traveling to work, 8.9; moving machinery, 18.5; drilling, 
51.1; and miscellaneous, 21.5 per cent. Drilling rate on actual drilling 
time was 3.4 ft. per hr.; on total time 1.8 ft. per hr. on holes 90 to 150 ft. 
in depth. Forty-six per cent of the holes were up, 40 per cent down, and 
14 per cent horizontal. Average core recovery was 92 per cent. Total 
hours was 14,152; total footage 19,103; average rate per hour 1.35 ft., 
or 10.8 ft. per 8-hr. shift. Total drilling time was 7,233 hr., an average at 
2.64 ft. per hr. and 21.12 ft. per shift. Types of rock drilled, by per- 
centages, were quartzite 57, shale 21, intrusive 14, and undifferentiated 8. 

Drilling Salines.—Many unusual situations develop in core drilling, 
and both engineers and operators frequently devise expedients to over- 
come them. Coring in soft claylike minerals is very difficult, as water 
under pressure tends to cut out and erode the core. Sometimes com- 
pressed air is used instead of water, and with slow-speed drilling success- 
ful coring has been accomplished by this method. Drilling of salt beds 
in western Texas and New Mexico was described by J. S. Wroth in 1929. 
Diamond drills were used for coring the significant beds. Churn drills 
were used to the salt formation; after casing, core drills were used. Some 
modifications were made in the bit and reaming shell by which the water 
from a ball-bearing double-tube core barrel was brought down through 
the reaming shell and through holes to the cutting track of the bit with- 
out coming in contact with the core. The core was 2.5 in. in diameter. 
To avoid dissolving any part of the core or formation a saturated salt 
solution in which was dissolved 3 lb. of magnesium chloride per gallon 
of water was used as a circulating fluid. Core barrels held 16 ft. of core 
and as much as 15 ft. were pulled per round of drilling. The core lifter 
sometimes left as much as 3 ft. of core in the hole, but this was recovered 
during the next drilling round. Churn-drilling costs were $5.56 per 
foot. The total depth of 12 holes was 20,443.75 ft., of which 10,876.5 ft. 
were core drilled. Recovery was 10,737 ft. of core, or 97.91 per cent. 
Cost of core drilling was $12.27 per ft. Total cost of all drilling; both 
churn and core, was $11.53 per ft. The drilling was done by the U.S. 
Bureau of Mines under contract. 

Cementing Walls of Diamond-drill Holes.—It has been the practice to 
cement broken formations ever since the early days of the diamond drill. 
In 1909 J. M. Fox described cementing practice at Tonopah, Ney. He 
found quick-setting cements better than ordinary kinds. In compara- 
tively shallow holes, cement grout was poured in as thick a mixture as 
possible. For deeper holes, thick cement grout was poured into paper 
tubes 12 to 14 in. in length. The tubes were dropped into the hole, the 
hole having been blown dry wherever possible before cementing. The 
cartridges were tamped by the drill rod. Other operators have intro- 
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duced cement grout through the drill rods, using a pressure vessel to 
force the grout through. Rods are washed out after use in this manner. 
J. S. Wroth used cement for sealing porous salt formations by lowering 
thick cement grout into the well in special bailers. Where cavities 
existed, dry cement was used in cartridges of heavy paper, 2 to 3 ft. in 
length, and lowered to the bottom of the bore and tamped with the drill 
rods. Cement cartridges were thus used in both dry and wet holes. In 
the latter case the paper of the cartridge was shellacked to prevent 
disintegration on the way to the bottom. 

Wear of Diamonds.—Stones in black-diamond bits are from 1 to 4 
carats in size, and proportionally greater wear may be expected from 
them than from the smaller bort stones, which run from 16 to 20 stones 
per carat and upwards. L. T. Wright reported black-diamond losses as 
high as 0.08 carats per ft., in hard felsite 0.04 carats per ft. and in hard 
silicified eruptives 0.01 to 0.025 carats per ft. On the Rand, South 
Africa, diamond wear was 0.02 carats per ft. in hard quartzite; on the 
Michigan iron ranges wear was 0.012 to 0.027 carats per ft.; in the 
Boundary district, British Columbia, 0.006 to 0.03 carats per ft. in hard 
eruptives. Bort bits with many more cutting edges probably wear twice 
as fast as the black diamond, but they cut faster and cost less. 

Coreless bits cut the full diameter of the hole, the standard EX bit 
about 66 per cent, and the thin-faced EX about 60 per cent. The 
respective wear may be expected to be in the same proportion. A. V. 
Corlett and G. D. McLeod gave examples of hand-set coreless bits with 
325 to 350 stones per bit (60 stones per carat and 5.5 to 6.5 carats per 
bit) that drilled 85 to 90 ft. and recovered about 40 per cent of the stones; 
some bits drilled as high as 300 ft. after being patched. W. R. Dunbar 
described Hollinger practice in which square-faced EP and ES bits, cores 
5¢ and 7% in., gave respective runs of 88 to 145 ft. and 111 to 369.5 ft. 
The smaller bit was set with 2.07 carats and the larger with 3.19 carats. 
Stones ran 70 to the carat. 

Diamond-drilling Costs.—Diamond-drilling costs vary in accordance 
with wages, diamond costs, and local conditions. Specific examples of 
costs are to be taken with caution. Contracts are made by some Nevada 
mines at $1.75 per foot for 1,000 ft. or more, the mine supplying com- 
pressed air and the contractor his own equipment. L. A. Norman breaks 
down drilling costs at the Old Eureka mine (California) as 34 cents 
per foot for core-bit diamonds, reaming shells, and casing bits, and $1.13 
per foot for labor, but he does not give power or other costs... Hach shift 
averaged 20 ft. At another mine four shallow holes in quartzite aggre- 
gating 158.8 ft. gave a total cost of about 80 cents per foot; 60 per cent 
of the time was used for drilling and 40 per cent for moving and mis- 
cellaneous. Cost percentages were apportioned as follows: drill runner 
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38, helper 4, carbon loss 16, bit setting 32, power 9, and lubricants and 
tools 1 per cent. Before the war diamond-drilling costs were about one- 
half of those prevailing in the ‘‘black diamond” period. Very low costs 
were obtained in blasthole drilling, on the order of 50 to 100 cents per 
foot. Postwar costs are uncertain but may well be double the costs 
published in technical articles between 1930 and 1943. 

7. Chilled-shot Drilling.—The rotating and drill-rod arrangements 
are similar to those used in diamond drilling. Larger holes are drilled 
and bigger cores obtained. The bit is soft steel and is attached to the 
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Fie. 26.—Cutting bits used in chilled-shot drilling. (Ingersoll-Rand Co.) 


core barrel, which is in turn attached to the hollow drill rods. Above the 
core barrel is an annular open shell, which receives the coarsest cuttings. 
Figure 26 illustrates the cutting parts. Core lifters are not used; the 
core is detached by introducing a quantity of small gravel into the feed 
water. This wedges between the core and bit, and the rotation of the 
bit breaks the core. By the use of a drag bit the formation of a core can 
be avoided. Chilled shot is used as an abrasive and is introduced at 
regular intervals through a tee swivel, one branch of which serves for the 
introduction of the shot and the other for the water. The quantity of 
water must be carefully regulated, since too much water will wash the 
steel shot out from the bottom of the hole. The arrangement for intro- 
ducing the shot is shown in Fig. 27. : 
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The first cost of a chilled-shot drilling rig is comparable with that of 
a diamond drill. Commercial sizes range from 25¢-in. bore and 15<-in. 
core for the smallest to 20.5-in. bore and 185-in. core for the largest. 
The rate of drilling is illustrated by the following examples: 


TMP RIAT OLOrn mes wines Magee elite os 33 ft. in 10 hr. 

Tarsandstone ois. ascites sie aeie ts Sue 8 to 45 ft. per day 

mae raniten mes nese echoes east parse toute 10 to 12 ft. per day 

In moderately hard andesite......... 1 ft. per hr. up to 40 ft. per day 


Where fissured rock or caving ground is encountered, drilling rates are 
extremely irregular. Such bores must be cased or else cemented. When 
they are cased a smaller drill is used for the advance. 


Fig. 27.—Device for introducing chilled shot into drill rod. Valve B 1s closed and 
chilled shot introduced through A. A is closed, D opened and then B. The water forces 
the shot through the swivel connection and into the hollow drill rod. 


J. B. Pullen describes calyx-drill operations in pilot-hole winzing 
and shaft work at the United Verde mine. The holes were 48 in. in 
diameter, and depths up to 281.5 ft. were bored. A total of 10 holes gave 
a length of 1,450 ft. Holes more than 100 ft. deep cost less than the 
average in raises. A three-man crew was required. Weight of the bit 
was 4,765 lb., speed 40 r.p.m.; 2.76 ft. were drilled per shift. Drilling 
speed was 14.1 in. per hr.; drilling time was 20.4 per cent of total time; 
22.8 lb. per ft. of No. 8 chilled shot was consumed. Bit wear was 6.6 
in. per 100 ft. of hole and cost was $10.10 per foot. A 40-hp. motor 
was used for rotation and a small hoist for handling the drill and core. 
The headroom required above the drill was 22 ft. 
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Calyx drills have also been used in the Butte district for ventilation of 
bottom levels and for transfers of waste rock. A 36-in. drill was used, and 


Fia. 28.—Calyx or chilled shot drill. (Ingersoll-Rand Co.) 
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Fig. 29 pls per av AL -projection in- and out-survey of oil well, 8,300 ft. in depth. (G. L. 
Kothny.) 


it is proposed to use 48-in. diameter drills in future work. Figure 28 
illustrates the large calyx drill. 
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Deflection of Boreholes.—Horizontal and inclined diamond-drill 
holes over 300 ft. in depth may deflect in both horizontal and vertical 
planes; vertical holes may also deflect but usually not to the same extent. 
By surveying 255 rotary-drilled holes (oil wells) Alexander Anderson 
found that the average deviation from vertical for 500-ft. holes is 2 deg.; 
for 1,000-ft., 3.08 deg.; for 3,000-ft., 6.7 deg.; for 6,000-ft., 22.4 deg. 
Average horizontal distances from mouth to bottom of hole are, respec- 
tively, 8.7 ft., 30.2 ft., 119.5, and 
589.4 ft. Thus the drilling depth 
is not the vertical depth of a bore, 
and the position of the bottom of 
the hole is problematical. Figure 
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29 is the horizontal projection of 
& gyroscopic survey (Kothny) of 
a deep well, the individual curves 
representing the inrun and the 
outrun. 

Diamond-drill holes indicate 
vertical angular displacements 
varying from a minimum (in one 
set of observations) of 2.5 deg. at 
500 ft. to 47.7 deg. at 4,000 ft. 
Horizontal displacement ranged 
from a minimum of 10 ft. at 500 
ft. to a maximum of 1,485 ft. at 
4,000 ft. 

Many conditions affect the 
course of a bit, such as the alter- 
nation of strata of varying degrees 
of hardness and dip, fault planes, 
shear zones, and pronounced con- 
tact zones. Bending of drill-rods 
and careless operation of the drill 
are also factors. Holes up to 300 
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Fre. 30.—(a) Maas compass, (b) Oehman, 
Payne-Gallwey surveying instrument. 


ft. in depth may be presumed to be on course; but the deeper the hole, 


the greater the need for determining its position. 


A large number of 


instruments and several techniques have been developed for surveying 
drill holes. All depend upon the measurement of the dip, its direction, 
and the bearing of the axis of the hole at a series of consecutive points 
along its course. By plotting the data in relation to measured depth a 
curve may be drawn connecting points along the approximate course of 
the hole in both horizontal and vertical projections. 


Two surveying instruments will be described. The Maas patent 
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drill-hole compass in its simplest form consists of a 6-in. open-ended glass 
tube of 11¢ in. outside diameter. The tube is divided into an upper and 
lower compartment, as shown in Fig. 30a, by a 14-in. rubber stopper. 
About 1 in. of dilute hydrofluoric acid (12 water to 1 acid) is placed in the 
lower part. A 124 per cent solution of gelatine is placed in the upper part 
and a small compass attached below a float is dropped into the solution. 
A soft-rubber stopper is inserted and the glass tube is placed in a bronze 
case. Several lengths of brass drill rods (each 10 ft. long) are attached to 
the bronze case. The instrument with the drill rods is then lowered to a 
given depth and is allowed to remain long enough for the gelatine to 
solidify and for the hydrofluoric acid to etch a line. It is then removed 
and the position of the north and south points of the compass needle is 
marked on the outside of the tube. The tube thus constitutes a record 
of the position of the bore and the dip from the vertical. By placing 
the tube in a goniometer the value of the horizontal and vertical angles 
can be determined. It is necessary to correct the dip angle for capillarity. 
The time required for a 124 per cent solution of gelatine to solidify is as 
follows:! 


Glass tube with paper wrapper, 6 by 1} in., 20 min. 
Glass tube with paper wrapper, 11 in. thick, 6 by 1 in., 30 min. 
Thermos bottle with wrapper, 11% in. outside, 50 min. 


The thermos bottle is used where a longer time is required to get the tube 
to its position in the bore. 

The Oehman and Payne-Gallwey instrument is described by J. I. 
Hofman in the Transactions of the Institution of Mining and Metallurgy. 
The lower half of the instrument is illustrated in Fig. 306. It consists 
of a plumb bob suspended over a gimbal-supported carrier on which a disk 
of sensitized paper records the shadow of the plumb bob suspended over 
it. A compass needle on a similar carrier likewise records its shadow 
upon a sensitized paper disk. Both instruments are in vulecanite cells. 
Small lamps are so placed as to flash at a predetermined interval by a 
clock mechanism and dry batteries, which are contained in the upper 
half of the instrument. A brass case surrounds the instrument and a 
10-ft. brass rod separates it from the drill rods. A series of dip-and-course 
measurements are taken at known depths, and the Ug Ae line of 
the drill hole is indicated by plotting. 

In Report of Investigations 3773, U.S. Bureau of Mines, L. A. Dahner 
and C. J. Cohen describe a method for surveying drill holes by the use of 
the etch tube and the maintenance of the orientation of the drill rod as it 
is lowered into the hole. The axis of the etch tube is in a fixed position 
relative to the container and the tube is marked with a reference diameter. 


1 Letter from EH. E. White, Ishpeming, Mich. 
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Two alignment clamps are used, the first being placed upon the container 
in alignment with the tube position and the drill rod attached to the 
container. The second clamp is then placed upon the drill rod and 
aligned with the first, a reference mark being established common to the 
alignment sighting slots of both clamps. Next, the first clamp is removed 
and the container and drill rod are lowered with the alignment maintained 
according to the reference mark. A second section of drill rod is then 
attached, the first clamp is attached to it and aligned with respect to the 
reference mark.and the second clamp, the second clamp is removed, 
and so on until the tube reaches the survey point, when it is allowed a 
sufficient time interval for the acid to etch a ring before its removal. The 
attitude of the ellipse etched upon the tube at each point with reference 
to the rod orientation at the collar of the drill hole can be observed. The 
clamp consists of a 20-in. length of 114-in. angle iron welded to a rod 
clamp, the arm having a sighting slot milled parallel with its edge. 

Surveying Oil Wells.—Instrumental equipment for oil-well surveying 
stems from the Maas and Oehman instruments but other ideas have 
been adopted also, and a large variety of well-developed equipment is 
available. Service companics have been formed to cover all the details 
of well surveying, and such companies have devised newer and, better 
instruments. G. L. Kothny has described instruments brought out by 
the Sperry-Sun Well Surveying Company of Philadelphia. The follow- 
ing summary is from his paper on the subject: One of the most widely used 
is the syphonic inclinometer, Fig. 31, a single-shot instrument that is 
lowered to a given position in the bore and allowed to stand a short 
interval, during which a marking fluid records its level upon a cylindrical 
chart within its recording chamber. The instrument is withdrawn, the 
chart is removed, and its reading is reduced to degrees. 

The EC inclinometer, Fig. 31, consists of a plumb-bob pendulum 
provided with a floating platinum needle, which is continuously in con- 
tact with the upper surface of the record disk, the pendulum being free to 
swing in any direction. Dry batteries supply a continuous flow of 
electricity through the pendulum to the record disk when the instrument 
is placed in its protective casing. When the instrument is lowered to a 
given position and held for at least a minute, a record is obtained on the 
disk by electrolytic action. This record is a white dot, the diameter of 
which is determined by the length of time the inclinometer is held at any 
one point in the bore. The range of the inclinometer is 6 deg., and by 
properly varying resting periods three inclination records may be obtained 
by one run. The outside diameter of the protective casing is 1546 in. 
and its length 7 ft. 

Kothny also describes a directional single-shot instrument for use in 
open holes, which consists of a timing clock, batteries and light bulb, a 
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floating light-transparent compass, an inclination unit, and a photo- 
graphic film for recording both the position of the compass and the cross 
hairs of the inclinometer. To accomplish the single record, a lens is used 
between the compass and the inclinometer, throwing the image of the 
compass upon the film surface, which is just below cross hairs of the 
inclinometer unit. The instrument, Fig. 31, is enclosed in a non- 
magnetic casing. Only one reading can be taken at a time, but a day- 
light film loading device enables record films to be quickly changed. 
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Fie. 31.—Oil-well surveying instruments—left, Syfo clinograph; middle, EC inclinometer; 
right, HK directional single-shot. (Sperry-Sun Well Surveying Co.) 


A multishot instrument is also described. It consists of a gyro- 
scopic and photographic recording, directional indicator, inclinometer 
of the bubble or box level type, a timing clock, a thermometer, and other 
accessories. A movie film enables numerous sequential records of the 
instruments to be taken during moving in and moving out of the bore. 
The recording interval may be 100 ft., but accurate surface timing is 
necessary for correlating depth. 

Deflecting Boreholes.—Boreholes may be deflected but not without 
difficulty. J. I. Hofman described a method in Transactions, Institution 
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of Mining and Metallurgy, vol. 21, p. 485. Figure 32 is taken from this 
article. The lower wedge is dropped into the bore and secured by the 
projecting teeth upon the bottom pipe. Its orientation is determined by 
a lead cup attached to drill rods and a modified Oehman instrument. 
The pilot wedge is oriented upon the end of the deflecting wedge and when 
lowered into the hole coincides in position with the lower wedge. The bit 
is guided upon its new course by the curved surface of the deflecting 
wedge. Jn petroleum-well work much use is made of holes that are 
deflected at a predetermined vertical depth. For this technique, known 
as whipstocking, ingenious tools based on the Hofman method have been 
devised. 


Section § 
ey Ge -——1 ft. - =a 
_— V4, U_~~_ 
Deflecting Wedge Pilot Wedge 
Lower Wedge Iron Bar 18 in, Pipe 36 in. long 


Fic. 32.—Deflecting wedge. 


Miscellaneous.—Deep-hole prospecting, described by C. A. Dobbel 
in 1925, Transactions, A.I.M.E., vol. 72, p. 677, won a place in mining 
operations for a considerable length of time. Long holes were drilled by 
means of a hammer drill, equipped with power rotation and sectionalized 
hollow drill steel. A swivel connection on the chuck section of the drill 
steel provided for water flow in place of the inner water tube. The 
cuttings and accompanying water flowed through a T connection and 
piece of casing at the mouth of the drill hole into settling tubs or barrels. 
A detail of the swivel and steel drill rod is shown in Fig. 42 (see Chap. IV). 
Holes were drilled up to a depth of 200 ft. The best drilling conditions 
were secured when the holes ranged from 20 to 30 deg. above the hori- 
zontal. Cuttings were dried and sampled for analysis or assay. The 
principal advantage of this method of boring was the utilization of the 
everyday mine tools in place of specialized equipment. Improvements 
in diamond-drilling practice and equipment were the important reasons 
for the displacement of deep-hole drilling by the more convenient diamond- 
drilling method. 

Many ingenious tools have been invented for taking cores in oil-well 
drilling. It is possible, during the drilling of an oil well, to take formation 
cores at any desired point. An example is the Elliott wire-line core drill, 
which may be used as an accessory to the rotary drill; another is the 
Globe wire-line drill. Both corers require a composite cutter on the drill 
pipe, the principal features of which are an inner plug or center bit and 
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an outer bit that cuts the annular groove on the outside of the core. 
When coring is necessary, the center bit is removed by a wire-line over- 
shot and the coring accessory dropped through the drill pipe. Drilling 
is resumed until sufficient core, about 10 ft., has been obtained. Then 
the coring accessory and core are retrieved by the wire-line overshot, the 
center bit is dropped into place, and regular drilling is resumed. With 
these and similar devices it is possible to obtain a core without with- 
drawing and replacing the drill pipe. The Baker coring tool is applicable 
to cable or churn-drilling rigs. 

Side-wall sampling of oil wells in comparatively soft rocks has been 
accomplished in two ways. The first is an attachment placed upon the 
end of the drill pipe and lowered to the sampling point. Hydraulic 
pressure is applied, forcing sampling’ or coring tubes of hardened alloy 
steel against the bore; the weight of the drill pipe is slowly placed upon 
the tool, driving the tubes into the wall; the drill pipe is lifted and 
removed. The description applies to the Baker rotary wall sampler. 
The second method makes use of a long metal cylinder in the sides of 
which are short cylindrical openings or gun barrels. Short hardened 
steel core tubes, each attached to its wire, and a powder charge are 
inserted in each barrel. There may be from 6 to 18 barrels in the metal 
cylinder, which is suspended by an electrical cable connected with firing 
wires at each side barrel. The cylinder is lowered to the sampling point 
and electrical contact ignites the respective charges, shooting the coring 
tubes into the side walls of the bore at spaced vertical intervals. Each 
tube is held by its wire and may be retrieved when the gun is removed; 
some are lost. The diameter of the core sample is 34 in. and its length 
114 to 214 in. G. L. Kothny states that from 70 to 90 per cent of the shots 
are successful. 
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CHAPTER IV - 
DRILLING FOR BLASTING PURPOSES 
Hand Methods.—The hand methods are the pointed bar, auger, 


crowbar and posthole shovel, hammer and drill, and churn drill. The 
use of the pointed bar is restricted to comparatively soft materials, such 


Iie. 33.—Rotary drills. 


as hardpan, compact earths, very soft shales, slightly éemented gravels, 

gouge material, and shattered vein filling. For surface work a heavy 

pointed steel bar 1 to 1.5 in. in diameter and from 3 to 6 ft. long is driven 
86 
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by heavy sledges. It is pulled out with a pry pole or railroad jack. For 
underground work a light pointed steel bar, 0.5 to 0.75 in. in diameter and 
4 ft. long, is used to pick out the hole in the soft or broken material. For 
soft to moderately compact earthy materials the ordinary posthole type 
of auger is used. For harder material, such as gypsum, clay, shale, 
and soft slate, drills shown in Fig. 33 are most advantageously used. 
The tripod mounting is employed for surface work and the vertical 
column with screw jack for underground work. In place of the latter a 
horizontal bar is wedged into a small hole in the face immediately below 
the drill hole. For holes 10 to 15 ft. deep and 10 to 12 in. in diameter, 
the crowbar may be used to break up the material at the bottom of the 
hole and a small posthole shovel used for its removal. The method is 
applicable to soft rocks and compact earthy material. 

For rocks of medium to extreme hardness the churn drill (jumper) and 
hammer-and-drill methods are applicable. The churn drill is a heavy 
steel bar 1 to 1.5 in. in diameter and 10 to 20 ft. long. The end is shaped 
into a cutting edge or bit. The drill is lifted and allowed to fall. It is 
rotated slightly each time. Holes may be drilled from 15 to 30 ft. in 
depth. The drill is principally used for ‘‘down” or vertical holes. 
““Uppers,”’ provided they are not too deep and are in moderately hard 
rock, can also be drilled. For holes of moderate depth and diameter 
and any direction the hammer-and-drill method is used. It is an all- 
round method for small-scale mining operations. While it is possible to 
drill relatively deep holes by this method, it is not economical. For 
single-hand work the depth limit may be taken as from 3 to 4 ft., and 
for two- and three-handed work, 6 to 8 ft. The starting diameter of the 
drill hole is 1.5 to 1.75 in. and the bottom diameter 1 to 1.25 in. For 
single-hand drilling the use of a 4- to 4.5-lb. hammer and a 34-in. drill 
steel is common practice; for double-hand, 8- to 10-lb. hammers and 7- 
to 1-in. steel are used. 

Rate of Drilling.—The rate of drilling is subject to wide variations. 
Gillette! gives as the result of his observations the rate and cost of drilling? 


1.5-in. holes as follows: 
LO-hxG ft: 


(CATS ines b o-oo: ol ENS he Bice Bee, eS eG Pits nen ree PCIe nS mee oe 
TSREH OS oho ee bdko Beye b es OR De ERO aart Oa ORC RGRET eae ee Mr Rca gc uence CeCe pee 11 
LEE SHON CMR Cee were Me en Heim, Piha re rncped tc tea ie pemee ar ee 16 


In crosscutting hard diorite a three-man crew drilled two 134-in. holes, 
aggregating 7 to 8 ft., inashift of Shr. Ata wage of $4 per day for each 
man the drilling cost equaled $1.50 per foot, not including sharpening. 
Some holes required 100 steels. Approximately 500 lb. of steel was 


1 GiuuETTE, ‘Rock Excavation,” p. 20. 
2 Three men in drill crew, two striking and one holding. 
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required at the face. The foregoing is an extreme case that came under 
my observation. 

Power Drills——Compressed-air and other power-operated drills 
have displaced manual methods except under pioneer conditions and 
where incidental work and difficulty of access prevent the use of such 
equipment. The detachable bit and the portable compressor have made 
possible much prospecting and exploration work formerly carried out 
by manual methods. The following classification summarizes various 
types and kinds of drilling machines used in drilling holes for blasting 
purposes: 


1. Well drills 
a. Churn drill 
b. Rotary drill 
2. Hammer drills, mounted—drifter type 
a. Serew feed, hand operated 
b. Power feed, engine operated 
3. Hand-held hammer drills (plugger; sinker) 
a. Heavy, for shaft work 
b. Medium weight 
c. Lightweight 
d. Drifter-sinker type 
e. Auger type : 
4, Stoper hammer drills 
a. Hand rotated 
b. Automatic rotation 
c. With stoper support 
5. Rotary drills 
a. Hand-held 
. Column mounted 
. Car mounted 
. Automatic drill (trackless mines) 
. Horizontal strip borer *> 
f. Diamond drill 
6. Piston drill, compressed-air operated; obsolete for most mining purposes but 
supplied for submarine blastholes 


ec aa Oo 


Churn Drills, 1a.—Blasthole churn drills are of the self-traction type. 
The tread-tractor design prevails, although four-wheel steel-tired or 
rubber-tired trucks are also used and are hauled by truck or tractor to 
drilling positions. Gasoline engine, diesel, or d-c and a-c motors may be 
power units. The general features of the churn drill have been described 
in the preceding chapter. Hole diameters are from 6 to 12 in., which 
dimension indicates the diameter of the bit used, but blastholes are 
actually an inch or more greater in diameter than the bit used. Water is 
used in drilling and the cuttings are removed by bailing. Three sizes 
of churn drills are given in the accompanying table. 
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CHURN-DRILL SizEs 
(Bucyrus-Erie) 
(All self-traction tread) 
Bit Weight of Weight of Maxi F 
Number diameter: det seine, Aine Racker Engine hp. 
in. lb. tons in. & type 
929254 UA, SRI Re ie ore ae 6 1,539 6.8 36 10, E 
Soativend CrLic ken ssc 656 1,539 29, G 
DOS Ge egw teen oe bes 6 1,693 11.4 44 20, E 
Soot OCrnICKea es se ee 65% 1,898 50, G 
8 2,508 45, D 
9 2,626 
12 2,930 
ADEE pee ote as eae 9 4,300 22.6 48 40, E 
Ae Ott Oerricken ea 10 5,100 80, D 
LZ 5,100 


E—electric motor; G—gasoline engine; D—diesel engine. 
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Z-bit 
Fia. 34.—Churn-drill bit designs. 


ii 
Se 


Chisel- shaped bit 
B 


90 ELEMENTS OF MINING 


The churn drill is principally employed in open-pit and quarry work 
for down holes 30 to 200 ft. in depth in soft to fairly hard rocks. Figure 
34 shows several-designs of churn-drill bits. In very hard rocks drilling 
rates are often slowed down to a prohibitive extent. At Morenci (Ari- 
zona) heavy churn drills of the self-traction type drilled 85 ft. per shift 
and made 60 ft. per drill bit. At the United Verde churn drilling was 
abandoned when drilling rates dropped to 8 to 5 ft. per shift in unaltered 
diorite. In altered diorite, however, the drilling rate was 15 to 20 ft. 
per shift. At other open-pit copper mines churn drilling rates range from 
50 to 90 ft. per shift for 9-in. holes. In the open-pit iron mines on the 
Mesabi Range churn-drilling rates are from 15 to 50 ft. in rock up to 
50 to 175 ft. in ore. In limestone drilling with bits 4 in. in diameter and 


Fig. 35.—Drifter drill of screw-feed type—top view and longitudinal section. (Ingersoll- 
Rand Co.) 


holes 20 to 60 ft. in depth, an electrically operated churn drill averaged 
120 ft. per 10-hr. shift. At another limestone quarry electric drills 
averaged 3.62 ft. per hr. with 6)4-in. bits. With 9-in. bits limestone 
drilling ranges from 60 to 125 ft. per shift. 

Rotary Drills, 1b.—These are not used in open-pit operations for 
blastholes, but a small portable type of rotary has been used for drilling 
seisomograph blastholes 50 to 250 ft. in depth. It is mounted on a four- 
wheel rubber-tired truck and is operated by the gasoline engine of the 
truck. Mud fluid is used and a slush pump is part of the equipment. 
Drill pipe is in 10-ft. sections for convenience in handling. 

Hammer Drills, Drifter, 2a, 2b.—Hammer drills are compressed-air 
operated. The principal parts are a cylinder, piston with striking head, 
valve, ratchet and riffle bar, chuck, water tube and its connections, and 
throttle. The drill (Fig. 35) is mounted in a shell that is provided with 
a feed screw or other means for feeding the drill forward and maintain- 
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ing its alignment. The shell is provided with a conical base for attach- — 
ment to column, bar, tripod, or other support. Two types of shells 
are in use, one with a fixed cone and the other with a sliding cone. Water 
or water and air are carried through the hollow drill steel to the bit or 
cutting part. The hand-operated drill (Fig. 36) is provided with a crank 
for rotating the feed screw (2a); the auto feed is provided with an engine 
integral with the drill or attached to the feed screw (2b). All feeding 
arrangements provide for advancing the drill as the bit cuts and for the 
retraction of the drill when steel changes are necessary and all admit of 
adjustment. ‘The power feeds give faster operation and quicker steel 
changes. The Turbro drill, which provided for power rotation of the 
drill steel by a separate engine instead of the riffle bar and ratchet, 


Fie. 37.—Drifter drill of power-feed type. (Ingersoll-Rand Co.) 


possessed some advantages but not enough to compensate for the greater 
number of parts, and is no longer manufactured. All the other 
types use a riffle bar and ratchet to rotate the drill steel on the return 
stroke of the piston. This is accomplished through the chuck that holds 
the end of the drill steel. Hole aligners for starting or collaring holes 
are attached to the front end of the feed shell and may be sprung back 
when not required. Drifters can be used to drill holes in all directions. 
Sizes and weights of drifters vary, but they may be classified as follows: 
light drills, weighing from 117 to 130 lb., with 3-in. cylinder diameter; 
medium drills, weighing from 140 to 156 lb., with 3.5-in. cylinder diam- 
eter; and heavy drills, weighing from 190 to 298 lb., with 4-in. cylinder 
diameter. The usual feed length is 24 in. but in the heavy drills may be 
from 30 to 42 in. Power-feed drifters (Fig. 37) weigh somewhat more 
than the weights given above. Chuck construction varies but includes 
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chucks for lugged steel, for hexagonal or quarter-octagon steel (a tappet 
being required), and for collared hexagonal or quarter-octagon steel. 
The principal manufacturers of drifters and other types of rock drills are 
Ingersoll-Rand, Gardner Denver, Sullivan Machinery, Cleveland Rock 
Drill, and the Chicago Pneumatic Company. 

The mounted drifter is used for horizontal development, adit and 
tunnel work, and in stoping where horizontal holes are an advantage. 
When mounted on a tripod or “wagon” it is also used in quarry and 
open-pit operations where bench heights are moderate, although in a few 
pits holes as deep as 40 ft. are drilled. Down-hole depth, however, is not 
in excess of 20 ft., and for toe-hole work 30 ft. is about the limit. 

Drilling rate depends upon the depth and diameter of the hole and the 
hardness and uniformity of the rock. As an example, in a hard-rock 
(granite) tunnel, 9 by 11.25 ft. in section, automatic feed drills with a 
314-in. cylinder gave average drilling speed in feet per minute ranging 
from 1.88 to 2.43 for five drills mounted upon a jumbo, or 4.5 to 5.8 in. 
per min. per drill. Included in drilling time was the time required for 
moving in the jumbo, setting up the drills, and drilling the round. For 
10-ft. holes 17% to 13g in. in diameter and ¥¢-in. bit changes, H. A. 
Walker gives drilling rates at the Homestake mine of 13.78 in. per min. in 
medium-hard porphyry and 6.65 in. per min. in very hard quartzite. 
H. Dewitt Smith and W. H. Sirdevan gave drilling rates at the United 
Verde mine of 9.2 ft. per drill shift in massive sulphides (5-ft. holes), 37 ft. 
in schist (5.5-ft. holes), and 44 ft. in porphyry (6-ft. holes). At the same 
mine stoping massive sulphides gave 24 ft. (5-ft. holes) and schist gave 
48 ft. (6-ft. holes) per drill shift. 

Hand-held Hammer Drills, 3.—Drills of this type (Fig. 38) are 
similar in construction to the drifters but are much lighter and are equipped 
with handles, although various rigs are also in use to obviate the neces- 
sity for holding the drill or to control it better. The weight classes are as 
follows: Light, 28.5 to 32 lb., length 17 to 2114 in., %-in. steel; medium, 
35 to 50 lb. yn? 181% to 22 5 in., %<-in. steel; heavy, 55 to 58 lb., length 
2114 to 24 in., 7<- or 1-in. steel; and very heavy, 62 to 85 Ib., length 2414 
to 24 in., l-in. steel. Still heavier hand-held drills weighing up to 132 lb., 
length 39 14 in., and using 114-in. round steel are used. They are drifters 
equipped with fisndics instead of shells for use in very heavy shaft-sinking 
service. 

Drill-steel chucks are for collared, lugged, or straight steel for use 
with a tappet front end. Some of the lighter drills are equipped with 
extra-strong rotation on the forward stroke and combine auger with 
hammer action. Variations in design for dry, wet, or strong blowing are 
available. Control is by throttle and water valve; some drills also have 
a rotation release. Various designs of steel retainers are in use. Usually 
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the retainer is a spring-supported yoke that surrounds the drill steel 
below the collar on three sides and can be swung back to release the steel. 
The hand-held drill is a down-hole driller but is often used for horizontal 
and above-horizontal holes. Light cradles with screw or pneumatic 
feed for mounting upon light columns are available for such service. 
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Pia. 38.—Hand-held drills in section—A, chuck for lugged steel, B, for collared steel, 
and C, for straight steel. (Cleveland Rock Drill Co.) D is an example of a heavy sinker. 
(Sullivan Machinery Co.) 


This drill is of general utility in surface and underground operations. 
The heavier drills are used in shaft sinking; cradle-mounted drills are 
used in place of drifters in drifting and crosscutting; the lighter drills are 
used for blockholing, squaring up and taking up floor humps, hitch 
cutting, survey plug holes, and ditch, trench, and foundation work. 
Special types are used for sampling, spade, hammer and pick work and 
for sheet pile driving. It displaces many of the hand tools of the miner 
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and is faster and more efficient. In open-pit mines and quarries the 
hand-held drill is used for primary blastholes 15 to 20 ft. in depth. For 
such work a light pipe tripod and block and tackle are often used to 
facilitate handling of the drill and long steel. Auger-type drills are 
used in iron-ore mining and in industrial mineral mining where the ore 
or mineral is not too hard. 

Driliing rates for 12- to 14-ft. holes are 150 to 200 ft. per shift in 
shales and soft limestones and 60 to 120 ft. in harder rocks. A. E. Payne 
gives drilling rates for stoping in the Transvaal Rand mines as 45 to 300 
ft. and an average of 75 ft. per shift for drill holes not exceeding 4 ft. in 
depth. W. A. Knoll and J. C. Sullivan in describing shaft sinking in 
granite on the Gogebic gave the following data: Shaft section 13 by 21 ft., 
depth of round 10.83 ft.; average depth of drill holes 121% ft.; starter bits 
27% in.; finisher bit 1.5 in.; steel changes 12 in.; gage changes \x in.; 
850 ft. drilling per round, 68 holes per round, time 9.5 hr.; 12 hand-held 
drills, 70.8 ft. per drill shift; 7.45 ft. per hr., 1.5 in. per min. (3-in. piston, 
76-lb. drill); 800 pieces of drill steel per round, breakage 50 to 100 pieces. 

Stoper Hammer Drills, 4.—Stopers are hammer drills mounted in line 
with an air-feed cylinder. They are similar in construction to other 
hammer drills. Two principal kinds are’made, the hand-rotated and 
the automatically rotated. Hand-rotated stopers are of either the wet 
or the dry type; self-rotated stopers are of the wet type. Throttle and 
feed control are provided, and most self-rotated stopers also have a rota- 
tion release. 

Stopers (Fig. 39) range in weight from 77 to 125 lb.; closed length is 
from 51% to 6534 in.; cylinder diameters 234 to 31x in.; feed lengths 
18 to 24 in.; feed-cylinder diameters 23¢ to 234 in. Front-end construc- 
tion comprises chuck, tappet, chuck housing, and sometimes a shank 
aligner. Provision is made for keeping cuttings and water out of the 
drill by a constant blow port, and watertube construction prevents back- 
flow into the drill mechanism. The hollow piston rod of the feed cylinder 
is provided with a steel point, which supports and maintains alignment of 
the drill. In the Sullivan stoper (4c) the drill cylinder is offset from the 
feed cylinder, which carries a pressure-operated upper rod and steel 
crowfoot to Hold the stoper in a fixed position. Alignment is thus main- 
tained without effort on the part of the drill operator. Separate throttle 
control is provided for the feed cylinder and the top rod. A feed length 
of 30 in. is furnished. 

The stoper is used principally for uppers and holes at angles greater 
than 20 to 30 deg. above the horizontal. Its important field is in raising 
and back stoping where uppers,are advantageous. H. Dewitt Smith 
and W. H. Sirdevan give some drilling rates at the United Verde mine: 
In massive sulphides 11 ft. per machine shift (4.3-ft. holes), in schist 28 
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ft. (6-ft. holes), and in quartz prophyry 48 ft. (8-ft. holes). These rates 
are for relatively hard rocks; for softer rocks drilling rates are often very 
high. 

Rotary Drills, 5.—Cutting is accomplished by pressure and a relatively 
high-speed rotation of the bit or cutting head. The hand-held drill 
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Fia. 39.—Sectional views of stoper drills—left pair (/ngersoll-Rand Co.);sright (Cleveland 
Rock Drill Co.) 


(5a) is operated by a compressed-air motor or an electric motor. The 
Jeffrey A-7, for example, weighs 40 lb. and has a 114-hp. 250-volt. d-c 
motor and a switch-controlled trigger or handle. The Joy drill weighs 
43 lb. and has a 3-hp. 230-volt motor; the 5-ft. boring bar weighs 14 lb. 
and encloses an inner and an outer cutter revolving in opposite directions, 
with return of cuttings to a discharge close to the drill, where a bag can be 
used to catch the drill cuttings. 
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Mounted rotaries are driven by 250-volt d-c or 220-volt a-c reversi- 
ble motors. The motor is placed parallel with the thread bar and drives 
it through a train of gears and splines, which are in keyways on opposite 
sides of the thread bar -in effect a feed screw). Forward motion is 
imparted to the tread bar by a stationary split nut (liner), which is closed 
over the thread bar by a safety housing on the forward end of the drill 
(a clutch arrangement is also used in some drills). Opening the liner 
stops forward motion, so that the thread bar can be pushed back. A 
socket provided with an outer sleeve is attached to the forward end of the 
thread bar; the socket holds the auger drill steel. Gear ratios are 
changeable, so that speeds of the thread bar may be varied from 99 to 
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Fic. 40.—Rotary cutting bits and shank detail. 


228 r.p.m. for different drilling conditions. Motors are from 1.45 to 
3.55 hp. for different drill sizes. Drill feed speeds are from 16 to 29 in. 
per min. in coal and 12 to 18 in. per min. in rock; gears must be changed 
to vary feed speeds. Motor assemblies weigh 94 to 101 lb.; a 5-ft. 
thread bar weighs 15 lb.; a 5-ft. column mounting weighs 75 lb. The 
column is provided with an offset top and an offset bottom jack, the 
turntable carriage upon which the drill is mounted being secured by a 
latch at any desired height upon the notched column. The foregoing 
description covers the Superior drill (Dooley Bros.). Cutters or bits are 
shown in Fig. 40. 

The Jeffrey car-mounted drill (5c) consists of a motor-propelled 
four-wheel car carrying two drills mounted on 7-ft. radius booms, which 
can each be swung over 90-deg. arcs from front to side; the drills can be 
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swung in 180-deg. arcs of 3 ft. 11 in. radius in a vertical plane, enabling 
drill holes to be spotted in rooms 12 to 24 ft. in width. Drill motors are 
3 hp.; weight of drill rig is 3.85 tons and travel speed 344 to6m.p.h. The 
drilling machine is in effect a well-designed jumbo. The Sullivan auto- 
matic drill (5d) is mounted on a four-wheel rubber-tired truck, motor 
driven. The drill boom, carrying a 3-hp. rotary drill, can be swung so 
as to cover the drilling positions. 

The horizontal strip borer (5e) is used in coal strip pits. Rotary 
drills of this type (Fig. 41) are usually driven by gasoline engines, but 
some designs make use of electric motors. The Sullivan strip borer is 


Fria. 41.—Gasoline-engine-powered stripborer. (Sullivan Machinery Co.) 


equipped with tread tractors; the drilling head can be swung in a vertical 
plane and carries hydraulic feed cylinders that exert a pressure up to 5 
tons upon the kelly bar. The chuck end rotates the auger drill 
rods. The drilling head can be raised from a _ position 18 in. 
above ground level to a height of 90 in. Rotation is in two forward 
speeds, 84 and 160 r.p.m., respectively, and one reverse speed. Feed 
length is 30 in., but the kelly bar is notched at 30-in. intervals, providing 
four settings for each 10-ft. length of drill rod. The machine weighs 5.5 
tons. Depth of drilling is 75 to 100 ft. with 6-in. diameter bits. The 
Parmanco side-wall driller is mounted on two rubber-tired wheels with 
the front of the frame supported by two vertical jacks. An inner sliding 
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frame carries the 16-hp. gasoline engine, the speed reducing unit, and the 
drill chuck. The rack and pinions, hand operated, thrust the frame 
forward as drilling advances. Auger speeds are 80 to 165 r.p.m. The 
machine weighs 1 ton. 

The diamond drill (5f) has been described in the preceding chapter. 
All forms of rotary drills just described operate dry, in contrast to the 
diamond drill, which requires a stream of water through the drill rods to 
the cutting bit. Diamond drills are used for drilling long blastholes in 
stoping and pillar work. The availability of light drills for this work 
has expanded the field of the diamond drill, and it is now often included 
in underground drilling equipment. 

The principal field of the rotary drill is in coal and industrial mineral 
mining, where the rocks encountered are not too hard. Salt, potash, 
clay, gypsum, tripoli, and similar minerals are examples. Holes are 
horizontal and range from 6 to 10 ft. in depth; they are 2 to 4 in. in diam- 
eter for coal and up to 234 in. for other minerals. Drilling rates are 
very high as compared to those obtained with hammer and churn drills, 
which are used upon much harder rocks. Thus drilling holes in clay with 
fishtail bits of 234-, 2144-, and 214-in. diameter gave 216 ft. of hole per 
shift. Drilling speeds of hand-held drills in coal are claimed to be up to 
7 to 9 ft. per min.; mounted coal drills have feeding rates of from 18 to 
29 im. per min. 

Horizontal strip borers have a range of 60 to 75 ft. with hole diameters 
of 6in. Drilling rates are high, but much depends upon the softness of 
the stratum within which the hole is drilled. Usually a shale seam is 
selected. One example gives a drilling rate of 46.5 ft. per hr. for holes 
48 ft. deep. 

The light diamond drill is a long-hole driller for hard and medium- 
hard rock. Considerable application has been made of this kind of drill- 
ing in sublevel stoping, pillar recovery, and to some extent in shrinkage 
stoping. In sublevel stoping the maximum depth of holes is about 75 ft. ; 
in shrinkage stoping horizontal holes up to 135 ft. in depth have been used. 
Holes are }-S-in. in diameter and may be drilled at all angles. The first 
application of diamond drills for blasthole purposes was probably at the 
Soudan mine (Minnesota), where exceptionally hard rock and ore were 
encountered. Probably the next application was for long-hole drilling in 
pillar mining. At Noranda in 1935 diamond drilling was found advanta- 
geous in sublevel stoping for holes up to 65 ft. Since that time other 
mines have made use of long diamond-drill holes. According to F. 8. 
Dunn, drilling rates at Noranda ranged from 15 to 45 ft. per shift, with an 
average of 25 ft. At the Soudan mine, diamond drilling of blastholes was 
resumed in 1938 with holes 1.5 in. in diameter and up to 20 ft. in depth 
in ore. W. P. Wolff gives the following drilling rates: For 3.75- and 5-hp. 
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electric drills, elapsed time was 0.814 and 1.061 in. per min., respectively; 
actual drilling time, 1.243 and 1.76 in. per min.; inches drilled per bit, 
14.21 and 21.59. In pillar operations at Copper Mountain, British 
Columbia, W. L. Nelson and F. Buckle employed 2.75-in. diamond-drill 
holes for both uppers and downs, 55 to 210 ft. in length, and obtained an 
average of 14 ft. of hole per shift on uppers. 

Percussion Drilling.—In churn drilling, the string of tools is lifted 
and dropped. The bit strikes the ground at the end of its stroke, pene- 
trating and rebounding. The rapidity of the fall, the weight of the 
drill string, the sharpness of the bit, and type of rock determine the pene- 
tration per blow. Successive blows cut into new positions; there is also 
a certain smashing effect as foot-pounds of energy are concentrated on a 
relatively small area of rock and momentum is absorbed. Because the 
string of tools is suspended upon a wire rope, the area cut by the bit 
exceeds the diameter of the bit by an inch or more. Churn-drill holes 
usually maintain their diameter. Too heavy a blow relative to rock 
resistance may result in sticking of the bit. It is for this reason that 
variation in strokes per minute and in length of stroke is provided. The 
skill of the drill runner determines the nice adjustment required for 
maximum rate of cutting without sticking. Table 11 gives a classifica- 
tion of rocks according to drilling character. 

The piston of the hammer drill strikes a blow on the head of the drill 
rod or the tappet, which transfers the blow to the drill rod, which in turn 
transfers the blow to the drill bit pressed against the bottom of the hole. 
The sharp edges of the bit cut the rock, and the steel rebounds as the 
piston returns and the rotating mechanism turns the drill steel and bit 


TABLE 11.—Rockx CLASSIFICATION 
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Hard ‘~ Intermediate Soft 
Granite Rhyolite Altered rocks 
Aplite Andesite Serpentine 
Syenite Dacite Gypsum 
Diorite Trachyte . Shales 
Basalt Phonolite Rock salt 
Dolerite Glassy volcanics Anhydrite 
Silicified rocks Tuffs Tron ores 
Flint Sandstones Sandstones 
Quartz Slates Coal 
Quartzite Limestones 
Siliceous hematite Marble 
Magnetite Altered rocks 
Pyrrhotite Iron ore 
Diabase Dolomite 
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to a new position. In contrast to the churn drill the force of the blow is 
small, but the number of blows, up to 3,000 per minute, is great. Though 
feed pressure keeps the drill bit against the bottom of the hole, sticking 
results from too heavy a blow for the type of rock, or where seams, fissures, 
and soft places occur. By means of the throttle and feed adjustment 
the number of blows and their intensity may be varied to suit the 
conditions. 

A succession of bit sizes is necessary on account of dulling cutting 
edges and reaming wear upon the sides of the bit. Holes are largest at 
the top and smallest at the bottom, the abrasiveness of the rock drilled 
determining reaming wear and the hardness and toughness of the rock 
the rapidity of dulling. Drill changes range from 12 to 24 in. or even 
more; gage changes of 1g in. are common, but precision in sharpening 
bits has made possible a 14 g-in. gage reduction in successive sizes where 
reaming wear is not too great. Drill holes are finished at 13¢-in. diam- 
eter for a cartridge size of 114 in.; this establishes the starting gage 
when the number of drill changes for a given depth of hole is known. 
Drill changes and gage changes are standardized for conditions in a 
given mine. 

The smaller the starting diameter, the greater the rate of drilling, 
other things being equal; drilling Epeed varies inversely as the square of 
the diameter of the holes or inversely as the volume of rock removed. 
Hardness, toughness, the grain size of the rock, and the nature of the 
cementing material are factors influencing drilling rates. Although 
efforts have been made to work’ out a relation between drilling rates and 
rock characteristics, nothing of any great accuracy has been established; 
the best measure is trial and observation of drilling for rock variations 
under working conditions in a mine. 

With a given diameter of drill hole, the greater the intensity of the 
blow, the deeper the penetration; and the greater the number of blows per 
minute, the more rapid the drilling rate. Higher air pressures with a 
given size of drill usually give greater blow intensity; with the same air 
pressure and a larger cylinder diameter of the drill, a greater intensity of 
blow can be obtained. However, steel breakage enters asa limiting factor. 
Modern drills are designed and air pressures are limited to a range that 
will avoid excessive steel breakage. Dull bits also result in steel breakage 
as does too small a steel section for the drill size. Balanced equipment 
and plenty of sharp steel give less broken steel and lower machine 
maintenance. The human element is of great importance. Experienced 
drill runners are necessary with modern drills. 

Drill Operation.—Compressed-air drills operate at 80 to 90 Ib. per 
sq. in. with compressor pressures 90 to 100 lb. per sq. in. Pipe installa- 
tion requires good design and appropriate selection of main, intermediate, 
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and working-place pipe sizes. Receivers are placed at intermediate 
points where long pipe lines are necessary. Probable peak demands for 
compressed air are provided for various working places. Drill lubrication 
is important, not only the type of lubricant but its systematic use. 
Rubber hose of good quality connects pipe line and drill, and line oilers 
are interposed close to the drill for delivering oil to the air stream. Most 
drills are equipped with oil plugs at critical points. As each type of drill 
has its operating characteristics, training is necessary to obtain operators 
who will get full performance with a minimum of maintenance and 
repairs to equipment. 

Although uppers clean themselves of drill dust, it has nevertheless 
proved to be a menace to health, and wet drilling is necessary to avoid 
it as much as possible. Usually water lines are established to bring water 
to the drills. Where this cannot be done, water tanks of 6 to 15 gal. 
capacity with hose connections for compressed air and for delivery of 
water to the drills are maintained in the working places. Down holes 
are cleaned by blowing with compressed air delivered either through 
the drill or by a blowpipe attached to a separate hose. Many drills have 
special valves for blowing holes. ~ 

Light drifters are operated by one runner; heavy machines have a 
helper as well, although he may serve two or more drills. In high-speed 
tunnel work two men may be used for each drill at the face. Tool carriers 
or nippers distribute steel or drill rods to working places. The use of 
detachable bits has greatly lessened tool carrying. 

Bringing drill and equipment to the face and setting up machines 
require an appreciable time, which reduces the actual drilling time per 
shift. Likewise the tearing down of the drill consumes time. Over-all 
drilling rates include total time from bringing in equipment to its removal; 
actual drilling time rates include only that portion of the time involved 
in drilling, changing steel, and shifting the position of the drill to a new 
hole. Usually for each setting up of the column there is a round of holes 
that is drilled from the setup. In narrow drifts one machine drills the 
round; in a wide drift two machines may be mounted upon crossarms, 
each drilling half of the round; in large-section tunnels four or more 
drills may be operated from a jumbo. 

The primary purpose of drill holes is to provide for the placement of 
explosives in such amounts and at such places as will yield minimum cost 
in the displacement of ore and rock. Drilling efficiency is attained when 
over-all blasting costs are lowest. 

Drill Steel.—Weights and dimensions of drill steel are given in Tables 
12 and 13. Cruciform steel is now uncommon. Hollow drill steel in 
round, hexagon, and quarter-octagon sections is widely used, although 
solid steel is sometimes used for starters. High-carbon steel (0.90 per 
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cent) is favored for forged bits, but the widespread use of detachable bits 
has resulted in the selection of more suitable steels for drill rods. Three 
shank designs are in use: The straight shank in quarter octagon or hexa- 
gon, the lugged shank for round, and the collared shank for hexagon and 
quarter-octagon steel. Shank ends are hardened in oil and ground square 
to prevent cupping or injury to the drill piston. Straight shanks require 
the use of a tappet or anvil between the piston and the shank end. 

The moderate fatigue resistance of conventional drill steel is lowered 
by continued use of the same drill, so that the rate of steel breakage 
increases with the life of the steel or the number of uses. The replace- 
ment of broken steel by new establishes after a time an average condition, | 
from which an average steel breakage may be ascertained. The quality 
of the drill steel is animportant factor. G.R. Heywood made impact tests 
of different brands under South African stoping conditions, in which drills 
were made up and operated until broken. Average footages for different 
brands ranged from 93 to 151 ft. of hole drilled; mine tests gave an 
indicated life of about 138 ft. for a single drill steel of the best brand. 
C. G. Kemsley gives comparative results of an alloy steel (carbon 1 per 
cent, chromium 1.26, vanadium 0.1, manganese 0.382, molybdenum 0.3), 
7Z-in. quarter octagon, in replacing l-in. quarter-octagon carbon steel 
at the Dome mines. Steel breakage was reduced from an average of 2.9 
per cent for the carbon steel to 0.445 per cent for the alloy steel. 


TasLe 12.—Weienr or Sori Dritt Steer, Pounps pur Foor 


Cruciform 
Size Quarter 
. y Round Oct H 
Racha Pant viocky rey oun ctagon exagon ObEREOR 
1% Monte: 1.70 aE cle 2.04 2.16 DeE25, 2.45 
i Qld, 2.20 2.49 2.67 2.82 2.94 3.20 
1k 783 2.80 3.10 3.38 SO 3.73 4.05 
14% 3.36 3.35 3.61 4.17 4.40 4.60 5.05 


TasLE 13.—WeiIcur or Hottow Dritt Steet, Pounps per Foor 


Size, inches Size of hole, inches Round Hexagon Quarter octagon 
= J 
% 6 ? 2.00 2.19 
1 Vy 2.50 2.70 3.03 
ilg 46 3.14 3.46 3.79 
14 36 3.81 4.11 4.64 


a4 From “ Colonial Rock Drill Steel Book,” issued by Colonial Steel Co., Pittsburgh, Pa. 
Unit 0.283 lb. per cu. in. 


Long-hole drilling is facilitated by the use of sectional steel. The 
maximum length of drill steel in one piece is from 18 to 24 ft. Although 
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steel of this length is used in some mines, such lengths are often incon- 
venient to use underground. They are used in open-pit operations, 
however. In the preceding chapter long-hole drilling with sectionalized 
steel was described, but there the purpose of the drilling was for prospect- 
ing. At Noranda sectionalized drill steel is used for blasthole drilling in 
stoping operations. It is made up in 24-in. to 18-ft. changes, the longest 
piece being 6 ft. Shanks and filler sections were 1}<-in. round nickel- 
chrome steel forged with a 1-in. quarter-octagon shank for the drill 
chuck; bit sections were 11<-in. high-carbon steel; couplings (Fig. 42) 
were of heat-treated chrome-vanadium steel, 244 in. in length by 14 in. 


Bronze swivel casting, Cast steel sleeve cross bit 
RM Steel Poor WRG Seals 
Sa ee ait Heelan ¢, 
: | F aj? 7 a | 
/ LAR te NS Forged double thread “Drill steel 
rei ah #7 ates gtue 2 turns per Irich 36and 9-Ftlerngths 


Rubber oe i ‘ Packing ririgs \ 
bumper ' ‘Packing glands 
Shrunk on collar for rotor 


threads 


Drill rod per eh Drill rod 
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Fie. 42.—Method of coupling sections of drill steel for long-hole drilling. (C. A. Dobbel.) 
Lower drawing is the method used at the Noranda mine. 


o.d., five rounded threads per inch; bits were four-point double taper with 
starting gage 214 in. and finishing size 15/¢ in. 

Drill Bits.—Drill bits forged integral with the rod were standard 
for many years. A. L. Hawkesworth applied for patents for a detacha- 
ble bit in 1918 and received patents in 1922-23. Anaconda tried out 
and adopted the Hawkesworth bit for its Butte mines and thus gave 
impetus to the use of detachables. They obviate a considerable portion 
of steel handling and permit of the use of a better steel for the bit and more 
thorough heat treatment of the bit. A high percentage of mines now 
use detachables in the greater part of their mining operations. 

There are several types of detachables (Fig. 43). The Hawkesworth 
is now obsolete. The screw-thread design appears to be in general use, 


DRILLING FOR BLASTING PURPOSES 


a fn OR kf oe 
Standard lugged drill shank for mounted hammer drills 
Fic. 43.—Detachable drill bits—standard shanks. 


A-Timken 

B- Ingersoll-Rand 

C- Sulfivan 

D- Carr bit 

E- 4-point bit 

F- Hollinger 

G- Tri-State bit 
(S.S.Clarke) 
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although there are detachables of slotted design. The Timken bit is 
screwed upon the upset end of the drill rod and bears upon a shoulder 
turned at the base of the thread, which is rounded. The Ingersoll-Rand 
Jackbit bears squarely upon the end of the drill rod and employs a thread 
relatively shallow and of wedge-shaped section. Sullivan detachables 
make use of a special acme thread that gives a bearing upon the end of the 
drill rod; an alternate design, similar to the Timken, makes use of a 
threaded upset that gives a bearing for the skirt of the detachable. The 
Liddicoat bit, used at Hollinger, is of a socket type; the drill rod is 
rounded with four surfaces milled upon it to correspond with four similar 
surfaces within the socket of the bit. The bit socket is a driving fit upon 
the end of the drill rod, and the milled surfaces prevent turning of the 
bit; in addition the skirt of the bit is annealed and is driven behind four 
undercut lips on the rod, crimping the skirt to the rod and giving an 
added hold on the bit when it is withdrawn (A. H. Wohlrab). 

The shape and design of the bit present many variations. However, 
practice indicates three important designs, the four-point (cross bit), 
the six-point or rose, and the chisel or Carr bit. The center-hole type is 
generally used, but all designs are also made with side hole for use in clayey, 
seamy ground or where trouble is experienced with center-hole plugging. 


TasLe 14.—ComparativE Bir Sizes, Homesrake MINE 
(H. A. Walker) 


Drill length, ft. 


Diameter “ 
of bit Starters 


3 4 5 6 7 8 9 10 
A 234 204 21 | 2 1% 134 15g 1 1% 
B 1% 11346 134 | 1446 15g 1%6 1% Ke 13¢ 


A = before Aug. 1, 1939; B = after Aug. 1, 1939. 


Gage reduction varies from }¢ in. to }¥¢ in. per drill change. Table 14 
illustrates comparative sizes. Improved shop practice has resulted in an 
over-all accuracy in bit preparation that makes possible 1/¢-in. gage 
changes, and there is some opinion that even smaller’ bit changes are 
feasible. The usual double-taper cross bit has a 5-deg. angle away from 
the cutting edge and a 15-deg. taper to the skirt of the bit; its wings are 
9g in. thick, its cutting angle 90 deg. Larger diameter bits have wings 
up to 34 in. thick; in some cases the cutting angle is increased to 105 deg. 
and even more. The 5-deg. reaming clearance is reduced to 2 deg. and 
sometimes omitted with improvement in gage maintenance. The six- 
point bit follows the same general design. It is used for blockholing, for 
starters, or for fitchery ground. The Carr or chisel bit has a single cut- 
ting edge and a reaming clearance angle of 2 deg. It maintains its gage 


¥ 
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and in hard ground often gives better performance than the cross bit. 
The Sullivan detachable has one pair of wings of the usual kind and 
another pair with the cutting edges coincident with the periphery of the 
drill hole. The reaming angle is small. §. S. Clarke describes athree- 
point detachable (Tri-State district) that has given good drilling results 
in cherty beds where high abrasive wear results. 

Detachables are made from high-carbon (0.80 to 0.90) and alloy 
steels. A fine-grained electric furnace steel is widely used. The 
general opinion is that alloy steel gives the best results. When detacha- 
bles lose gage they are reground to the next smaller gage and resharpened. 
Several regrinds are to be expected. By reforging, hot milling, and 
hardening, the number of reuses is increased. C. A. Kumke states that a 
maximum of 10 reuses has been obtained. Cracked skirts, ruined 
threads, and broken points prevent reconditioning. 

Drill rods for the use of detachables are made up in sets with length 
changes of 18 to 24 in. Starters are from 30 to 38 in. in length, while 
seconds, thirds, fourths, and fifths correspond to feed changes found 
applicable at any one mine. Rods are made from steel with carbon 
content ranging from 0.75 to 0.85 per cent. However, alloy steel can also 
be used; what is wanted is a steel of high fatigue resistance. Threaded 
ends are hardened in oil and drawn, and chuck ends are also hardened in. 
oil but not drawn. 

C. L. Berrien estimated that the continuous operation of 85 working 
places for one year at Butte required an average installation of 4,020 
pieces of steel averaging 15.29 lb. each, or a total of 61,479 lb.; 148,862 
pieces of drill steel were sharpened during the year; the total weight of 
sharp steel handled was 1,137 tons (one way). With detachables the 
total weight of rods and bits handled was 219 tons (one way). <A. H. 
Wohlrab gives the following data for detachable bit operation at Hollinger 
on a per-machine-shift basis: Rods damaged or broken, 0.86; bits used, 
41; bits lost, 0.13; bits damaged, 0.21; holes drilled, 18.5; feet drilled, 
114. Table 15 gives comparative results of detachables and conventional 
steel. 


TasLe 15.—DrracHABLEs AND ForGep Birs, Tri-Srarp 
(C. W. Nicolson) 


Bi Holes Ft. Ft. per Bits Steel Ft. per 
as drilled drilled bi dulled broken break 
Detachable: < -wewah ets cides 33,012 | 292,887 18.15 16,136 2,511 116.6 
RAE aS ce 4.373 | 36,644 | 4.30 | 8,570 676 | 54.2 
Norrn.—Comparative costs: Forged bits—per bit dulled, 16.95 cts.; per foot drilled, 4.94 cts. 
Detachable bits—standard bits, 4.71 ets. per foot drilled; A-2 detachable, 3.01 cts. per foot drilled. 
Drill-rod breakage (new Swedish steel): Feet drilled per broken steel 891.3 at beginning of period and 


266.3 ft. at end of six months; same drill rods. 
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Distribution of Steel—In small mines, drill steel is transported in 
mine cars and distributed to the working places by the nipper or miner. 
Special cars for drill-steel transportation are generally used at large 
properties and its distribution is methodical. Stocks of sharpened steel 
are maintained on working levels. Dull and damaged steel is gathered 
after each shift and transported to the surface and delivered to the 
sharpening shop. As has already been shown, the weight of steel to and 
from the mine is greatly reduced when detachable bits are used. 
Detachables are placed in carriers that contain a full complement for a 


; 
4 


<b 


A 


Fic. 44.— Drill mountings. 


shift’s operation and are given to the drill runner as he goes on shift. At 
the end of the shift the runner returns the carrier with used and unused 
bits. Drill-rod replacements are required, and for this purpose stocks 
of drill-rod sets are maintained at working levels and near working places. 

Drill Mountings.—Drifters and light mounted drills are supported 
upon arms attached to columns (Fig. 44) 214, 3, 3%, or 4 in. in diameter. 
Column bases are equipped with either a single-or double-screw jack 
(the latter seldom used) at the base and a cap at the top. They are 
blocked top and bottom and held rigidly in place by the pressure of the 
jacks. Columns are made'in various lengths; column arms are from 18 
to22 in. long; double-extension arms are of greater length. Safety 
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clamps are placed below the arm clamp; the drill saddle clamp is attached 
tothe arm. The arrangement is such that when the column is placed in 
position the arm may be shifted up or down and the drill in or out upon 
the arm, thus providing for changes of the drill position relative to the 
face. Extra-length columns are used for high stopes. Seamless-steel 
tubing, extra-heavy pipe, and aluminum alloy are materials used in 
columns. 

Light hand-held drill mountings (fixed cone shell) for use upon light 
columns weigh 52 to 61 lb. and have a 26-in. feed length. A pneumatic 
leg support (Ingersoll-Rand Jackleg) weighing 35 lb., with bayonet-type 
attachment and 36-in. feed travel, enables the hand-held drill to be 
more conveniently used for horizontal and angle holes. The so-called 
“Mexican setup”’ consists of a l-in. pointed steel bar with a forged collar 
3 in. below the top; the drill is provided with a hook or ring, which is 
slipped over the end of the bar. Another form of pneumatic, feed leg is 
attached to the drill by means of U bolts and enables it to be used for 
uppers. At Mount Hope, F. M. Radel made use of a stoper leg with 
special air connections attached to a hand-held drill. The combination 
was used in stoping. A 2 by 10 in. by 12 ft. plank was supported against 
the face at one end and the other end was wedged into the muck pile; 
then a line of holes was drilled in the plank for varying the position of a 
ring bolt that held the point of the stoper leg of the plank-supported drill. 
Holes up to 16 ft. in depth, from horizontal to 30 deg., were drilled with 
this rig in stope faces. Short ladders were also used for supporting the 
plank. 

Steel tripods with leg weights of 220 to 560 lb. are used in ‘open-pit 
work. ‘Tripods are also used in open stopes. The quarry bar, 10 to 12 
ft. in length, with saddle clamp and rack and _ pinion for Norontet tr avel, 
is used in dimension-stone quarrying. 

Jumbos of many different designs are used in large-section crosscut 
and tunnel work. A jumbo consists of a four- or eight-wheel car carrying 
an assemblage of columns and.arms for the attachment and positioning 
of the drills. The smallest jumbo is designed to support two drifter 
drills and the larger ones from five to eight or more. An intermediate 
platform, hinged, provides a working staging for the drills serving the 
upper part of the section. Compressed-air and water manifolds are 
included, as well as tool racks for drill rods. The purpose of the jumbo 
is to enable the drills to be moved into the face and to be placed in opera- 
tion with a minimum of delay and, on the completion of drilling and 
loading of holes, to be removed away rapidly along with all tools and 
other equipment. Cleveland manufactures a two- or three-arm rig 
(Fig. 45) mounted on a four-wheel car. Each boom or arm is mounted 
so as to swing about a short vertical axis and to be raised or lowered in a 
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vertical arc by means of a crank-operated worm and screw and to be 
locked into position; saddle pieces to which the drills are attached can 
also be swung. The boom arrangement offers ample coverage of drilling 
positions. Two compressed-air-operated jacks reacting against the roof 
hold the rig in position. Manifold and tool racks are provided. Gard- 
ner-Denver has an interesting drill-carriage design. 

Wagon drill mountings (Fig. 46) are employed in open-pit and quarry 
operations. A great many designs are in use. One of the lightest, the 
Sullivan, has a two-wheel rubber-tired steel frame that carries the drill 
shell and is held in place by steel anchor points. It is in effect a wheeled 


Fie. 45.—Drill carriage or jumbo. (Cleveland Rock Drill Co.) 


tripod and weighs 375 lb. A heavier type weighing 1,475 lb. is an 
adjustable steel frame supported on three rubber-tired wheels. The 
steel change is 6 ft., the feed travel 9 ft. Feed is by chain operated by a 
compressed-air engine. A drill aligner is placed at the front of the drill 
shell for starting holes. The front wheels are equipped with brakes and 
can be swung on swivels at right angles for line drilling or drilling close 
to a vertical face; the rear wheel can be swung about its vertical axis. A 
hydraulic pump is provided for adjusting the frame; holes can be drilled 
from vertical to horizontal. Chicago Pneumatic manufactures a three- 
wheel mounting (steel wheels), providing 10- to 15-ft. steel changes, with 
air-operated hoist and tilting tower weighing 2,465 lb. with a 4-in. drill. 
The Ingersoll-Rand wagon drill is a 3-wheel steel frame (rubber tires) 
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with tilting feed frame and saddle that can be raised and lowered by a 
worm gear and a ratchet handle on two uprights; an air motor provides 
for feed and quick return; steel change is 6 ft., and a drill centralizer 
provides for starting holes. 


PSY 


RSS 


Tia. 46.—Wagon drill. (Sullivan Machinery Co.) 


Future of the Rock Drill.—Piston rock drills were invented in 1849. 
Simon Ingersoll greatly improved early types in 1871 and thereafter. 
J. George: Leyner patented the hammer-type drill with hollow drill 
steel in 1897. In 1905 the Waugh hand-rotated stoper appeared. The 
hand-held drill was introduced in 1912 by Ingersoll-Rand. Power- 
feed drills appeared about 1936. In a highly competitive field the design 
of rock drills has been steadily improved, and the availability of advanta- 
geous alloy steels has made possible great reductions in weight and dimen- 
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sions. Modern rock drills fully meet present-day mining conditions. 
Without doubt the compressed-air drill will continue to be used for 
blasthole drilling in rocks from intermediate to hard, which covers most 
of the metal-mining conditions. For holes 20 ft. or more in depth the 
diamond drill possesses important advantages. Whether it will be used 
for short-hole work, except in the hardest rocks, is doubtful. The 
electric diamond drill uses power more efficiently than the air drill, but 
it also requires a considerable amount of drilling water, which is often 
difficult to procure. 

Removal of Cuttings.—Hollow steel used with an internal jet of air 
and water facilitates the removal of cuttings. Holes at an angle above 
the horizontal present no special problem. The blow tube is used at 
intervals to blow the sludge out of down holes. Where dry drills are 
used the disseminated drill dust becomes a hazard. Even in wet drilling 
there is some dust. However, wet drilling and wet drills have displaced 
the dry drill in most underground operations. 

Wet Drilling.— Dissemination of drill dust is at a maximum when 
a hole is being collared. Dust suspensions are greatest in dead ends, 
where ventilation may be at the minimum. Raising is probably the 
‘worst situation. Many efforts have been made to reduce dust as much 
as possible or even to eliminate it. Sprays of many kinds have been tried 
and discarded. Three methods of controlling drill dust have survived, 
but there is still opportunity for the inventor. These methods are the 
use of the wet drill, the provision of a sufficient volume of ventilation to 
abate the dissemination, and the wearing of respirators by drill runners. 
None gives a complete solution, and often all are used simultaneously. 
J. A. Johnson and W. G. Agnew experimented with a closely fitting 
spray ring that was slipped over the drill steel and rested upon the rock 
at the collar of the hole; spray holes were in the inner surface of the ring 
and the water was discharged about the drill steel. It was found effective 
in starting down holes. 

Exposure to drill dust is least for power-feed drifters, independently 
supported stopers, and wagon drills, and greatest for hand-held drills, all 
of the wet type. The use of deflectors or shields to deflect the dust blast 
from the drill runner has not been tried as far as is known, although on 
some drills the principal part of the exhaust is from ports that are 
directed forward toward the drill holes and thus no doubt keep some of 
the dust away from the runner. Dust bags have also been tried with 
some success. 

The wet drill contains a water tube that passes through the axial 
line of the drill mechanism and terminates within or at the hole in the drill 
steel. The tube is connected by inner passages to an outside valve and 
a 4-in. water hose. Water tubes vary in length from 12 to 27 in., 
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depending on the size and design of the drill. Delaware Aqueduct 
standards for use of wet drills are in part as follows: Drifter drills (high 
air flow and low water flow), air through drill steel 4 to 6 cu. ft. per min., 
water 0.5 to 0.75 gal. per min. at full-speed operation, ventilation 2,500 
cu. ft. per min. per machine. Drifter drills (low air flow and high water 
flow), air 0 to 2 cu. ft. per min., water 1.5 gal. per min. and over, ventila- 
tion 1,200 cu. ft. per min. per machine. Drifter drills (medium water 
and air flow), air 2 to 5 cu. ft. per min., water 0.75 to 1.5 gal. per min., 
ventilation 2,000 cu. ft. per min. per machine. Hand-held drills (maxi- 
mum piston bore 3 in.), minimum water flow 0.75 gal. per min., an air 
flow at full speed 2 cu. ft. per min. (maximum) in rock formations con- 
taining 10 per cent or more of free silica, with a minimum of 500 cu. ft. 
per min. of additional mechanical ventilation at a working place in a 
confined area. The foregoing standards represent an attempt to define 
the relative flows of air and water through the drill steel and to indicate 
the additional amount of ventilating current required to abate the dust 
dissemination. They are of use because they give specific measures. 

The diamond drill is a wet drill and produces no dust, as the stream 
of water is in relatively large volume and the cuttings are removed in the 
form of a dilute sludge. All other forms of rotary drills are dry drillers 
but remove their cuttings in comparatively coarse condition, and no 
hygienic objections have been raised to their use. In the Joy rotary 
drill a dust bag can be used, but this is for the purpose of keeping the 
dust out of the coal when drilling rock. 

Drilling Rate-——Some examples of drilling rates have been given 

elsewhere, but comparisons require that all pertinent factors be given. 
The toughness, hardness, and crystalline structure of the rocks influence 
the rate; but sharp steel, well-maintained drills, and experienced runners 
are essential. The size and type of the drill and its support are also 
important. In each mine, drilling rates should be determined for the 
principal rock types encountered and for the sizes and kind of drills 
in use. : 
Drill-steel Changes.—Sets of drill steel are arranged in length incre- 
ments of 1 to 2 ft. and longer where a feed-screw length of 214 ft. is used. 
Tests should be made to determine the maximum and average distances 
drilled by standard bits in the different kinds of rocks ina mine. These 
data will enable standard drill-steel sets to be made for holes of various 
depths. For hard, tough rocks the change increment is usually 1 ft. 
and for intermediate rocks, 2ft. The fewer the steel changes, the greater 
the time saved in drilling a hole of given depth. It is evident that for 
the shorter increment the number of drill steels per hole is doubled, 
thus requiring a greater time in changing steel, more time in getting 
steel to and from the working, and a greater amount of blacksmithing. 
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Diameter of Drill Holes.—Underground drilling employs holes of 
relatively small diameter. Former practice required starting diameters 
of 2 to 214 in. and finishing diameters of 13 in. Figure 47 shows dimen- 
sions of bits for 14- and %¢-in. gage reductions. Nowadays, with better 
bit dressing and more accurate control of sizes, starters of 17g to 2 in. are 
used. Holes drill slightly larger than these diameters. In South African 
gold mines where stoping holes are 3% to 4 ft. in depth, starters are 1}4 
and seconds 11 in., using 7-in. steel. In coal mining, cartridge sizes are 
11% to 2 in. in diameter and auger drills 1144 to 24 in. For Cardox and 
like shells, holes are 134 to 39/¢ in. in diameter (finishing) ; for the du Pont 
hydraulic cartridge, 434 in. 

Churn-drill holes are designated by the size of the bit used as 3, 4, 6, 
65g, 8, 9, and 12 in. While churn-drill bits suffer considerable wear, 
their suspension on a wire rope results in a hole an inch or more greater in 


Bit Diameters 


Fig. 47.—A set of drill steels. The inner set shown decreases in successive sizes by 14g in.; 
the outer set shown in black decreases by 1 in. for each successive size. 


diameter than the bit size. There is a marked trend toward the use of 
larger diameter churn-drill holes, as these permit wider spacing and there- 
fore fewer holes to break a given length of bank. 

Drill Footage per Shift.—Actual drilling time in an 8-hr. shift ranges 
from 3 to 4 hr. Setting up a drill upon a column requires from 30 to 40 
min.; ‘“‘tearing down’’ somewhat less; loading holes 1 hr., and barring 
down at the beginning of a shift from 30 min. to 1 hr. One man is 
required for operation of the drifter, stoper, or plugger. In some 
instances he is given assistance in setting up the column in drifting 
work and in stoping where the drifter is used. Where light drill mount- 
ings are used assistance is usually unnecessary. Drill steel is distributed 
by tool carriers or nippers. Efficient tool and powder distribution 
increases effective drilling time, and cooperation on the part of the 
mucker facilitates setting up the drill. Figures 48 and 49 indicate 
aggregate theoretical footage drilled by drifter and plugger for holes of 
various depths and different drilling rates. For a given drilling time 
with all types of drills, the deeper the drill hole the greater the aggregate 
footage, because of fewer changes of the position of the drill. . Faster 
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drilling rates consequently give greater aggregate footages. Stopers and 
pluggers give greater footages than drifters, as less time is required for 
shifting and steel changing. 


Inches ' per minute. by ‘ ry ve 
Depth of hole | lore % ae lo 
Steel change a ae b 


/ 20. 30 40. 50 @0° 10 | 100 110 (20 130 140 Z| 
Total Ree Drilled 


lia. 48.—Estimated footage drilled with drifter—assuming 24-in. steel change, holes 4, 6, 
8, and 10 ft. in depth, and drilling rates of 4, 6, and 12 in. per min. 
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Total Feet Drilled 


Fia. 49.—Estimated footage drilled with plugger—assuming 24-in. steel change, holes 4, 6, 
8, and 10 ft. in depth, and drilling rates of 4, 6, 12, and 18 in. per min. 


Spacing, Depth of Holes, Drill Rounds.—Drill holes are placed in 
groups for specific purposes, such as advancing the face of a drift, cross- 
cut, raise, or tunnel, sinking a shaft, or stoping. The group of holes is 
called a round. The depth of the round depends upon the depth and 
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angle of the drill holes. The number of drill holes in a round depends 
upon the area of the face and the type of ground; large areas call for more 
holes, although the smaller the area the greater the relative number of 
holes, as smaller areas are tighter. Hard, tough rock requires more holes 
or a smaller area per hole than do softer rocks. Faces that are not bound 
on all sides, as is a shaft bottom or a drift end, require fewer holes. 
Stopes often present two or three faces and require fewer holes and less 
explosive for breaking. Benches in open pits present two free faces; 
holes are drilled either vertically at intervals from the top of the bench or 
inclined or horizontally at intervals along the toe of the bench. High 
benches may be drilled by a line of holes on the top and also by a line of 
toe holes. The burden of rock that each hole is expected to break 
involves both the area enclosing the drill hole and the depth of the hole; 
the deeper the hole, the greater its burden. The weight of explosive in 
each drill hole is also determined by the burden as well as by the strength 
of the rock. 

The pattern of the round is laid out with reference to the position 
of the drill column, the drilling positions feasible with a minimum shift- 
ing of the drill, and the cross section. Angle holes are placed so as to 
unkey the face, others to break to this area, and still others, close to the 
periphery, to complete the break. Excessive overbreak is to be avoided. 
Experience is an important factor in determining round patterns. Drill- 
' ing is the greatest time-consuming operation; the fewer the drill holes, the 
fewer the drill shifts; the more rapid the drilling, the less time is required. 
Hard-hitting, faster drills, sharp steel, and skilled drill runners increase 
drilling rates. Power-feed drifters reduce the time for drill changes and 
are an important factor in high-speed tunnel driving. Jumbos reduce 
the time for setup and for the removal of equipment when drilling is 
finished. 

In many mines 10 ft. is the maximum length of drill steel used, and 
this hole depth is used principally in stoping. There is a tendency to 
use longer holes, and detachable bits have stimulated changes in practice 
in the direction of greater hole depth, fewer setups, and greater burdens 
per hole in development and stoping operations. The results obtained 
in long-hole drilling in sublevel stoping have likewise been a factor in 
encouraging departures from conventional practice. In small mines, 
however, practice is conservative, and often the inability to obtain capital 
for newer equipment has resulted in the retention of many old-time 
methods and equipment. Operators of large ore bodies and large mines 
find it economical to try out new methods and new equipment, as the 
possibilities of making even small improvements in mining practice 
often result in large money savings. In the smaller properties such 
savings may not be sufficient to justify the capital expenditures. 
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Detaching Detachables.—Screw-thread detachables are removed 
from drill rods by striking one of the wings of the bit with a hammer in a 
direction to loosen the bit. Threads are left-hand, as the direction of 
rotation of the drill steel is clockwise.. Socket-type detachables are 
removed by a U-shaped wedge and reaction block or by a heavy weight 
slipped over the shank end and dropped, the shoulders of the hole in the 
block striking the wings of the bit. Special tools are supplied to the 
-miner for different designs of detachables. Their use presents some 
difficulties, as when lost they sometimes turn up in the ore stream, 
where they may damage rock breakers and other milling equipment unless 
removed by magnets or other means. Mounting the tool upon a base 
of sufficient size may prevent its loss. 

Stuck and Broken Steel.—The removal of stuck steel that defies 
ordinary expedients, such as hammer-and-drill operation, calls for much 
ingenuity on the part of the drill runner. An open collar with internal 
diameter slightly larger than the drill steel acts as a clamp when canted 
and affords an opporturity to use a screw jack, sledge, or hand-held drill. 
W. A. Knoll and J. C. Sullivan describe drill-rod pullers for collared steel 
in down holes. These consist of a rectangular steel frame with a bottom 
yoke to slip under the collared portion of the stuck steel and a top head 
that carries a tongue, which in turn fits the chuck of an inverted hand- 
held drill used to loosen the steel. Another design permits the use of two 
inverted hand-held drills. Broken steel within a hole can be fished for by 
means of a ring small enough to enter the hole and encircle the steel and 
thus to act as a clamp when canted. It is manipulated by two cords or 
wires. Another device consists of an overcast or socket on the end of a 
rod that can be driven down on the steel in the expectation that its inside 
corrugations will secure a sufficient hold to enable the steel to be with- 
drawn. Small broken bits or detachables can sometimes be removed by a 
drill rod with a long tapered point or by a split fork on the end of a rod 
and enclosed within a pipe that can be pushed down upon the fork, closing 
its jaws and holding the fragment (Knoll and Sullivan). A hooked rod is 
sometimes used for the larger diameter detachables. A simple type of 
pipe overshot may also be useful. All such tools are designed to cope 
with individual conditions. When broken or stuck drill steel defies all 
efforts, a new hole must be drilled. 

Drill-sharpening Equipment.—Special shop equipment has been 
designed for reconditioning and even manufacturing detachables at 
mines. Grinders driven by electric motor, gasoline engine, or compressed- 
air engine are common shop equipment and are used for sharpening and 
gage preparation. Hot millers are also widely used. The drill sharpener 
is used for sharpening conventional steel, for shank forging, and for rod 
preparation. Specially designed oil-fired furnaces and quenching 
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troughs with controlled temperatures are available for hardening. Hand- 
operated threaders are provided for small shops. 

Grinding Detachables.—Worn detachables may be sharpened and 
brought down to the next smaller gage by the use of a grinding machine. 
This consists of two grinding wheels upon opposite ends of a motor shaft, 
one wheel being used for sharpening the bit and the other for bringing it 
to gage size. Both wheels are equipped with accessories for holding and 
manipulating the bit. A coolant is necessary, as pressure (by hand or foot 
lever) is used and overheating is possible. Collets used for holding the 
bit are designed to permit rapid changing. The gaging head is adjustable 
for different clearance angles. The grinding machine best serves the 
smaller operator who must recondition his own bits. Its use restricts the 
regrinds to three or four except where reaming wear is small. 

Hot Milling Sharpening of conventional steel and of detachables 
has been greatly speeded up and improved by the use of hot millers. 
The milling cutter is from 6 to 10 in. in diameter with the peripheral 
faces meeting at such an angle as to form the cutting surfaces of neigh- 
boring wings, the bit being turned 90 deg. for each cut. The sides of the 
cutter are also toothed for gaging the bit. Bits are heated to a forging 
temperature before re-dressing and are held in a collet while being milled 
and gaged. A reaming attachment is used for clearing the hole in the 
bit. Milling cutters are also designed for six-point and for Carr bits. 

The hot miller is a well-designed shop tool, either direct driven by an 
electric motor or by a motor and V-belt drive. The larger machine 
requires a 5-hp. motor with cutter speed of 3,500 r.p.m.; the smaller 
machine uses a 3-hp. motor. The large machine handles from 110 to 
180 detachables per hour; the smaller, 75 to 80. Hot-milled bits are 
allowed to cool and are then heated to a hardening temperature in a 
special furnace and quenched in cooling troughs of the tray type, in which 
the cutting edges are submerged at a sufficient depth to produce a rather 
deep hardened zone. Water is circulated in the cooling trough so as to 
maintain a uniform water temperature. Hardening temperatures are 
controlled by a pyrometer or may be tested by a special magnet. 

Hot-milling equipment and accessories are designed for large opera- 
tions where a considerable number of drills and detachables have to be 
prepared. Even in the smaller shop with the older tool-sharpening 
equipment the hot miller is a useful accessory. With detachables hot 
milling gives a greater number of reuses than is possible with grinding 
equipment. Drill sizes and clearance angles of both grinders and hot 
millers are more accurately maintained, and drilling is improved by 
sharp, uniformly sized bits. 

Churn-drill Bits.—The bit section of the drill string is designed with a 
threaded shank for attachment to the drill stem. The body of the bit is 
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flattened, with rounded sides and two deep mud grooves. Several 
designs (see Fig. 40) are in use, including the chisel shape (6-in. diameter 
_ or smaller), the single cutting edge with cupped face, and the Z bit. The 
cupped face with single penetrating edge or type G bit (Bucyrus-Erie) is 
widely used in hard-rock drilling; the Z bit is preferred by some for seamy 
and fissured ground but is more difficult to forge. A 9-in. bit is 5 ft. in 
length and weighs 500 lb. It is re-dressed and hardened until it is about 
half its former length by the time it is discarded. 

A power-driven bit dresser of special design is used in preference to 
hand dressing, which usually results in poorly formed bits and requires 
a number of reheatings. The bit dresser includes an upsetting die which 
restores the diameter and forms the penetrating edge and cupped face of 
the bit; a radial hammer forms the reaming surface and brings the bit to 
gage; the reaming face is parallel to the bit shaft; and the clearance angle 
is 8 deg. Two or three heats are required for dressing and one for 
hardening. Two men are required, sometimes three. Furnaces. for 
heating are of special design and are oil-fired. After forging, bits are 
allowed to cool and are then reheated to a hardening temperature and 
plunged vertically in salt water to a depth of 144 in. Cooling troughs for 
this purpose are of special design. A magnet can be used for determining 
hardening temperature. At New Cornelia a bit is resharpened 63 times 
and at Morenci 40 times; at the former 12 bits per shift and at the latter 
22 bits per shift are handled. Cost at New Cornelia was $2.12 per bit, 
including steel loss (EK. D. Gardner and M. Mosier). 
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CHAPTER V 
ROCK BREAKING 


The excavation of rock involves breaking, loading, and transportation. 
Breaking is in most cases accomplished by the use of explosives con- 
fined in drillholes or boreholes or in chambers excavated within the mass 
of rock to be broken and reached by small tunnels or shafts. It may 
also be done by undercutting and allowing the weight of the mass to 
cause caving. Further breaking is caused by the movement of the 
fallen mass in reaching equilibrium. 

The physical characteristics of a rock mass that enter into the 
breaking problem are the hardness, toughness, brittleness, softness, or 
plasticity of the rock itself and the presence of bedding planes, sheeting 
planes, joints, cleat, or rift in the rock mass. A rock may be both hard 
and tough or hard and brittle, brittle and soft, soft and plastic, or soft 
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Fia. 50.—Weakening of rock masses by fracture planes. 


and friable. Soft rocks are easily drilled and broken, while hard, tough 
rocks are difficult to drill and require larger amounts and different kinds 
‘of explosives. The material encountered in mining ranges from non- 
coherent, such as earth and sand or gravel, to the most strongly coherent, 
as granite, diorite, or diabase. Noncoherent and very soft rocks can be 
loosened by means of the pick, plow, steam shovel, or mechanical excava- 
tor, while moderately coherent rocks are preferably broken and loosened 
by blasting. The wide range in the physical nature of rocks and ores 
makes it difficult to compare them in any precise manner. The relative 
hardness and toughness of the more common rocks, together with the 
energy per square foot of fracture surface required for fracture, are given 
in the accompanying table. The figures apply to a special group of rocks 
and cannot be taken to apply to all rocks of the kinds named. 
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In making use of the table it should not be overlooked that the 
weakening of a rock mass by the presence of shear planes, or incipient 
weakening of whatever nature, has an important influence in the selection 
and amount of explosive required. Thus rock masses may range from 
solid rock through all the stages to a rock completely shattered and of a 
mosaic-like structure (Fig. 50). It is evident that solid rock masses 
require the maximum amount of explosive. If the rock is hard and tough 
an explosive of high power will be required. If the rock mass is very 
completely shattered, the explosive serves to unkey the parts of the mass 
and black powder may suffice for this purpose. 


TaBLeE 16.—PuHysIcAL PROPERTIES OF RocKs* 


Rock Beiative. | Relative | square fost ot | Sp. ar 
Fresh Giahbase cw. artic. ose ts ee cee 3.0 2.19 624.9 2.95 
Alteredidiabases sis pacer cote cae 2.4 2.11 499.9 
Preshjbasalt sake spy he eh iy cet ne 2.3 2.05 479.1 2.90 
Hornblendeischistaerer ter ee eee 2.1 2.00 437 .4 3.00 
IDIOTIC te re eT ee nee ore Pe Pili 437.4 2.90 
Hornblendesgrantteman sme eee ore oe 2.1 2.20 437 .4 2.76 
Riivolite: sec tee are i eakaee ae eaeeke ees 2.0 2.14 416.6 2.60 
Quiartztte inca meer eterna eeae eee 1.9 2.20 395.7 2.67 
Biotiteseneiss ene ce renee 1.9 2.03 395.7 2.76 
Augitediorites. succes Nee ee ee eee 9 2e13 395.7 2.98 
Altered: basalt®<3 0 Read ae ere terre ilsef 1.87 354.1 
Gabbroctaicchec eine noe ee eee a6 2.15 330.2 3.00 
Chettin eel ets ce ia Re eT tae LES 2.33 312.4 2.50 
Calcarecous:sandstonés+. +. e oe 155 1.00 312.4 2.66 
Granttewse a> Aiea ects a eco Lew eo ee tale acme 15 Dey, 312.4 2.65 
Slate. oicns es EN cco ee ee ie 1.38 249.9 2.70 
ANCESISE tort pe ee ee ee EE coe ikeal 1.65 229.1 2.50 
LAMESLONE? Sie, yl ee ee oe Pe A tae bad) 1.03 208.3 2.70 
Micasschistisec curios trite ce ee ee 1.0 2.08 20833 2.80 
Amiphibolitese scot. tere toe. Shree aera Te 2227 208.3 3.00 
Dolomiteress saat cet eee eee ee ee a 1.0 ahr 208.3 2.70 
Biotiteggraniten cs ie eps eeeee aoe ee aoe 10 2.03 208.3 2.64 
Hormpblendergneissiaa eee ene ep Re) 2.05 208.3 3.02 


« Compiled from Public Roads, U.S. Dept. Agr. Bull. 31. 
Compiled by W. O, Snelling and presented in a paper before the Engineering Society of Western 
Pennsylvania, 


EXPLOSIVES USED IN MINING 


Many commercial brands of explosives are in use. They are graded 
in different ways, either by weight or by volume on a percentage basis 
as compared with a nitroglycerin dynamite or blasting gelatin. ‘‘ Dyna- 
mite” is a general term applied to high explosives in contrast to black 
powder, which might be termed a low explosive. ‘‘ Permissible explosive” 
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is a term applied to a group of explosives used under coal-mining condi- 
tions and approved for such use by the Bureau of Mines. 

- Explosives when fired produce a flame. That of black powder is the 
longest and greatest in duration. Dynamite gives a shorter and hotter 
flame, and permissibles have a smaller flame of brief duration and lower 
temperature, to avoid ignition of gas or dust. Explosives produce gases 
or fumes such as carbon dioxide, nitrogen and steam, which are nontoxic, 
and carbon monoxide, nitrogen oxides, and hydrogen sulphide, which 
are toxic. Some carbon monoxide is always present; presence of nitro- 
gen oxides may result from improper use of explosives, and hydrogen 
sulphide is sometimes present. Toxic gases are termed ‘‘fume,” and 
explosives are classified, according to amounts of toxic gases liberated, as 
very good (for the smallest amount), good, fair, and poor. As indicated 
in Table 17, explosives liberate relatively large amounts of heat, and high 
temperatures may be attained. At such temperatures the liberated gases 
exert great pressures when confined within a blasthole. 


TaBLe 17.—Quvuantity or Hear anp Estimatep TEMPERATURES 
(From I. Grageroff, Am. Min. Cong. Jour.) 


1 lb. 1 lb. 1 Ib. 1 lb. 1 |b. 

nitro- blasting 40 % 35 % black 
glycerin gelatin gelatin gelatin powder 

IRANG chat Os OL ee ee ea 2850 2960 1800 1400 1200 
Memperature, deg. F:.. 2.013)... 22. 6280 6400 6025 5470 5020 
Cu. ft. gas at above temperature...| 156.7 eae soe Cae 51 


Sensitiveness to detonation, shock, friction, and handling is an import- 
ant characteristic, some explosives requiring careful handling and others 
being relatively insensitive. Rate of detonation, measured in feet per 
second, determines the blasting effect of an explosive. Physical state, 
expressed as rubbery, plastic, cohesive, or granular, affects its use. 
Inflammability is another factor. Density, conveniently measured by 
the number of 114- by 8-in. cartridges per 50-lb. box, is important. 
Resistance to water must also be taken into consideration. 

All explosives are potentially dangerous and require careful handling 
and storage by experienced men. Fortunately the manufacture of 
explosives is in the hands of relatively few companies, and these have 
standardized their products, improved the quality, and publicized pre- 
cautions and safety measures. Explosives are manufactured and pack- 
aged to comply with specialized use in metal, coal, and other mines and 
in open pits and quarries. Table 18 indicates quantities and kinds of 
explosives used in the United States in mining and construction. 
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TasLe 18.—ConsuMpTION oF ExpLosives IN 1940, Unirep Srarrs 
(U.S. Bureau of Mines) 


Black blasting powder, 


25-lb. kegs or cases High Permissible 
explosives, lb. explosives, lb. 
Granular Pellet Total 

Coal mining. . 937,865] 1,193,909] 2,131,774; 21,688,322) 57,820,655 

Metal mining.. ‘ 9,424 184 9,608; 106,000,338 28,750 
Quarry and aljetsials min- 

eral (mining’4~ 54) eee 94,123 18,009} 112,132) 59,634,470 452,800 

Railway and construction. 93,857 8,058} 101,915) 102,059,140 75,330 

Others tecnico eae 28,072 6,636 34,707; 10,799,430 58,595 

Totalel 940 ja8 van rere ee 1,163,341} 1,226,795) 2,390,136) 305,179,700) 58,436,130 

LOAD Nets eum rer 1,115,280} 1,263,023} 2,378,303} 351,957,453] 70,612,209 

94D 5, 1t he coet dos aey se 966,665) 1,254,685) 2,221,350) 359,698,547] 84,022,296 


Chemical Composition.—Nitroglycerin, nitrocotton dissolved in 
nitroglycerin, and ammonium nitrate are the important explosive com- 
pounds. Alfred Nobel invented dynamite in 1867 by using diatomite as 
an absorbent for nitroglycerin. Diatomite is inert and is no longer 
used for this purpose. Absorbents are of carbonaceous materials, such as 
wood meal, flour, and starch, and mixtures are so made as to provide a 
sufficiency of oxidizing constituents to oxidize them. Freezing-point 
depressants (nitrotoluenes, nitrated sugars, tetranitrodiglycerin, and 
nitroglycol) are incorporated in the mixtures to a sufficient extent to avoid 
freezing of explosives. (The term ‘‘low-freezing’”’ has been largely 
discarded.) Straight dynamites are mixtures of nitroglycerin, carbona- 
ceous absorbents, depressants, and other materials; gelatins are mixtures 
of Hitrbely ce tent aNOK Ean and other constituents; ammonia dynamites 
are mixtures of ammonium nitrate, nitroglycerin, Theorbene’ depressants, 
and other materials; ammonia celntene are mixtures of nitroglycerin- 
nitrocotton, ammonium nitrate, and other constituents similar to those 
mentioned; permissibles of the ammonia type contain 10 to 15 per cent 
nitroglycerin, 60 to 80 per cent ammonium nitrate, a low content of 
absorbent, and small quantities of other ingredients; coarse ammonium 
nitrate permissibles contain coarse granules of ammonium nitrate, a low 
content of nitroglycerin, and low-density combustibles. 

Black powder is an intimate mixture of sulphur, charcoal, and sodium 
nitrate in proportions to cause complete oxidation. It is broken into 
granules and sold in seven standard sizes ranging from CCC, the coarsest 
and slowest, to FFFF, the smallest and fastest burning. Granules are 
glazed with graphite to improve the free-running qualities. Another 
form is pellet powder. The black powder is pressed into cylinders 2 in. 
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in length and 1/4 to 2 in. in diameter, each pellet having a 3¢-in. diameter 
axial hole for ignition. Four pellets are made up into an 8-in. cartridge, 
giving an explosive more resistant to moisture and safer and easier to 
handle than four 2-in. cartridges. 

_ High detonating rate gives an explosive of shattering or smashing 
power, in contrast to black powder, which has a pushing or heaving 
effect and is slower in action. Black powder is extensively used in coal 
mining, as it produces a maximum proportion of lump coal. Its sus- 
tained flame, however, makes it unsuitable for gaseous and dusty mines. 
Dynamites vary in their detonating rates according to different grades. 
Low-density ammonia dynamites have a rate as low as 4,000 ft. per sec. 
and highest grade gelatin dynamite 20,000 ft. per sec. Velocity of 
explosion of black powder is about 1,000 ft. per sec. Foot-pounds of 
energy per pound of weight as given by E. H. Rockwell are 2,204,000 
for nitroglycerin, 1,500,000 for guncotton, and 1,030,000 for black powder. 

Water resistance is highest for the gelatins and gelatin-ammonia 
dynamites and least for granular black powder, which is unsuitable for 
wet conditions. Straight dynamites, ammonia dynamites, many permis- 
sibles, low powders, and bag powders have only a limited water resistance. 
“Water resistance” is a relative term. Wet conditions range from a 
damp drill hole to one in which water stands. Cartridge wrappings offer 
some resistance to water; they vary from sprayed to sprayed and dipped 
in paraffin; some are waxed and some have the ends closed by wire loops; 
other cartridge designs are water-resistant; nitromon is packed in sealed 
metal cans. Care is required in the selection of explosives to suit the 
various wet conditions. 

‘“‘Sensitiveness of an explosive’ is used with two significations, one 
relative to its detonation and the other with respect to handling. High, 
straight dynamites are probably the most sensitive with respect to 
handling and for this reason have been largely supplanted by safer 
dynamites. Dynamites now in use can be detonated by No. 6 or No. 8 
blasting caps or by detonating fuses. Certain quarry explosives such as 
nitromom are so insensitive as to require special primers. The primer 
cartridge for use with electric blasting caps contains 6 in. of amatol 
(TNT and ammonium nitrate) at the top of the can, the remainder being 
occupied by nitromon. Caps are placed in tubes extending down into 
the amatol and the primer is used at the top of the charge. Another 
design has the amatol in the center portion of the can, along the outside of 
which is a fluted metal tube or tunnel through which the Primacord 
(detonating fuse) is run. Center-type primers can be placed at bottom, 
center, or top of charges. 

‘“Sensitiveness to propagation’’ is used in reference to an explosive 
that can be exploded by another near-by charge not in contact with the 
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charge. Straight dynamite is sometimes used in wet soil for ditching. 
A line of holes at 18-in. intervals is loaded with explosive, the first hole 
of the series being detonated by an electric blasting cap and the others by 
propagation. Detonation is propagated in charges of explosives where 
individual cartridges are in contact. 

Production of toxic fume depends upon the kind of explosive and how 
it is used. Straight dynamites, 40 to 60 per cent, are not suitable for 
underground use. The gelatins in the lower grades, 20 to 60 per cent, 
are rated excellent. The higher grades, 75 to 100 per cent, are rated 
very poor to poor; ventilation must be adequate when they are used 
underground. Ammonia dynamites are rated fair; their use underground 
requires adequate ventilation. Permissibles are rated fair to good 
and are used underground where ventilation is ample. Black powder 
gives bad fumes, and ventilation must be adequate where it is used 
underground. 

Pour-type explosives are so manufactured that they can be poured 
through funnels into vertical drill holes or can be handled by loading 
machines. They are granular and free running. Plastic explosives 
have the advantage that they can be expanded to fill the drill hole and 
remain in place in uppers. Cartridges are sometimes slit on the sides to 
’ facilitate expanding of the cartridge to fill the drill hole. Pellet powders 
are unyielding. 

Containers.—Explosives are made up into cylindrical paper car- 
tridges; granular and pour types are contained in bags; black blasting 
powder is in 25-lb. metal kegs. Cartridges are packed in 50-lb. wooden 
boxes, marked with cartridge size, grade of explosive, and manufacturer’s 
name. Bags are packed four to a 50-lb. box. 

Cartridge sizes vary, the commonest being 144 by 8 in. Smaller 
sizes are obtainable; they are often made to conform to user’s require- 
ments. Pellet powder is made up in 114-, 13¢-, 1144-, 134-, and 2-in. by 
8-in. cartridges. Quarry powders for churn-drill holes are made up in 
sizes 414, 5, and 514 in. in diameter by 16 in.; 5 and 544 in. by 25 in.; 
8 by 18 in., and 8 by 27 in. (50 1b.). Nitromon is packed in can sizes 4 to 
74 in. in diameter by 24 in., 8 by 21 in., and 9 by 19 in. Tamptite 
cartridges are of special design to obviate slitting of cartridges. Another 
type consists of a perforated paper shell, the perforations following a 
spiral line. Tamping causes the pressure to divide the paper shell, 
allowing the explosive mixture to expand and fill the bore. Spiralock 
consists of an outer heavy paper sleeve with an inner thread to accom- 
modate a specially wrapped cartridge with a matching spiral thread. 
Sticks of explosives used in seismograph work can be readily made up and 
more conveniently used than ordinary cartridges. 

Cartridge count, based upon a 50-lb. box, is a convenient way to 
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determine the density factor of an explosive. Explosives of high density, 
greatest energy or weight in smallest volume, give a low count, 85 to 100 
cartridges (144 by 8 in.) per 50-lb. box. Ammonia dynamites range 
from 128 to 189, and high cartridge counts reach 256 per box. Relative 
explosive energy can be figured by the percentage strength of the com- 
mercial explosive and the weight of the charge. Some commercial 
explosives are classified in Table 19. 


TaBLE 19.—CLASSIFICATION OF COMMERCIAL EXPLOSIVES 


(Atlas) 
Per cent | 1}4’’ X 8” car- Rate of Ww 
yee aR out at erpremen | tates laa 
Blasting gelatin R....| 100 100-110 20,000 Excellent Fair 
Gelatin VP ai sae et) 20-100 85-110 6,500—20,000| Excellent | Very good- 
poor 
Ammonia gelatin P...| 30-90 85-110 7,000—20,000| Very good | Excellent- 
poor 
Semigelatin FP....... 65 107-126 10,000-11,000| Good Very good 
Nitroglycerin dyna- 
saab WH Or Oridesmre aimee 20-60 105-115 8,800—19,000 Fair Good-poor 
Ammonia dynamite C.| 15-60 105-115 7,300—9,000 | Limited Fair 
_ Ammonia, low density 
Dynamite: 
Ot K DS cro al loses 65 128-189 7,000—9,000 | Limited Fair 
CU EEE Racine cores 20-70 Large 6,500-19,000} Limited- Poor 
cartridges very good 
(Ciesens POE cae 65 133-170 8,000-10,000} Limited Fair 
(Cia tet eae 20-65 Bags 4,000-5,500 | Limited | Very good 
Ole ice cet Shee Soe eee 10-65 Bags 4,000-5,500 | Limited | Very good 
Permissibles: 

Gelatin’ Bo. ass te cm|oo-00 97-126 8,200—16,400| Very good | Good-fair 
Dynamite C........ 55-60 133-256 4,500-10,000} Limited Fair 
Low powder G-C..... 5-20 100-110 4,000-9,500 | Limited | Good-poor 
Relletpowder. so. -.2.-|| ao MOG SIZ Stes Meyer ccan haere Limited Poor 
Blackablasting*sc.nm shia. Os KC etlae Siseee cts oe Poor Poor 


Nore: Consistency is denoted by letters as R—for rubbery; VP—very plastic; P—plastic; FP— 
fairly plastic; VC—very cohesive; C—cohesive; G—granular. 


Liquid Oxygen Explosive.—Lox, or liquid oxygen explosive, for a 
time attracted wide attention and was used sufficiently to expose its 
limitations. Lox consists of a canvas cartridge filled with granular 
carbonaceous material, moistened, which when soaked in liquid oxy- 
gen, removed from the soaking box, and placed in the drill hole can be 
detonated and is an effective blasting agent. A primer consisting of a 
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dynamite cartridge containing an electric blasting cap is necessary for 
detonation. The cartridge loses its oxygen by evaporation and conse- 
quently must be soaked and used with a minimum loss of time. Under- 
ground use of lox presents too many difficulties; its special field appears 
to be in open-pit operations where large-diameter cartridges can be used 
in churn-drill holes. Chuquicamata made use of lox in its open pit from 
1926 until 1929 when, as a result of a bad accident, its use was discon- 
tinued. Present use of lox in the United States appears to be restricted 
largely to some coal strip pits. References in the bibliography at the end 
of Chap. VI will give other details. 

Nonexplosive Agents.—Cardox employs liquid carbon dioxide 
enclosed in a steel tube within which is a heating element that is ignited 
by an electric squib. The tube contains a shearing disk at the lower end 
of the tube and ports for the release of the gas within the drill hole. 
Discharge pressures can be adjusted from 10,000 to 20,000 Ib. per sq. in. 
Tubes weigh from 10 to 40 lb. and can be recharged and reused many 
times. They are placed in the drill hole and tamped with clay stem- 
ming; an electric current of 2 or 3 volts and a fraction of an ampere is 
required for ignition. Cardox is effective in producing lump coal and is 
used in coal mining. It produces neither fume or flame. Storage units 
for the liquid carbon dioxide and charging units have been designed for 
this special application. 

An interesting development of the hydraulic cartridge was sponsored 
by du Pont, but war conditions temporarily took it off the market. 
The rig consists of a motor-driven pumping unit mounted upon skids 
or car and delivering high-pressure oil through a high-pressure hose to 
an expansible mining tube inserted in a drill hole. The tube or pressure 
stocking is inflated and exerts sufficient pressure upon the coal to break 
it down. Its use avoids flame, gas, and dust. Pressure pads for use in 
top cuts represent another development in coal mining. 

Firing Explosives.—Squibs and fuse are used to ignite black powder 
charges. A fuse with attached blasting caps is used to detonate dyna- 
mite charges and explosives that respond to detonation. Electric 
blasting caps are used with detonating explosives; the electric squib is a 
special form used to ignite black and pellet powders. A fuse requiring an 
electric blasting cap for its detonation is used with detonating explosives. 
In all charges of explosives it is necessary to bury the end of the fuse - 
within some part of the black powder charge, to bury the blasting cap or 
electric blasting cap within the end of one cartridge, or to lay the deto- 
nating fuse alongside of and in contact with the charge. 

One or more charges up to a limited number may be fired by fuses or 
fuses with attached blasting caps; but as each individual fuse end must be 
ignited, it is impracticable to handle a large number without special 
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devices. This method is restricted to small headings, stopes, chute 
blasting, and bulldozing. Electrical blasting is almost universally 
used for shafts, large headings, bench blasting, major blasts, and groups of 
holes. Detonating fuse is more or less restricted to quarrying and open- 
pit operations, but it may also be used in longhole blasting in pillar and 
stope mining. In all such blasting, electric blasting caps are necessary 
as accessories to the detonating fuse. 

Fuse.—A safety fuse consists of a powder train enclosed within three 
or more protecting and waterproofing layers; powder trains consist of a 
free core or semisolid core; commercial grades are distinguished chiefly 
by varying degrees of water resistance. Ignition speeds are approxi- 
mately 90 to 120 sec. per yard when burned in the open at sea level. A 
fuse is sensitive to dampness and dryness and is brittle at low tempera- 
tures. Pressure caused by tamping may appreciably increase its ignition 
speed, while high altitudes may retard it. Fuse is supplied in small 
packages containing two 50-ft. coils and on reels containing 3,000 ft. 

Detonating Fuse.—A lead tube filled with trinitrotuolune (Cordeau- 
Brickford) was used in open-pit operations but has been displaced by 
Primacord, which contains an explosive core of pentaerythritetetranitrate 
(PETN) within a waterproofed textile cowering. Its insensitiveness, 
light weight, and high detonating rate (20,350 ft. per sec.) make it effec- 
tive in detonating column charges and deck loads. Three types are 
available: Plain, reinforced (for deep holes), and wire-bound (for ragged 
deep holes), in spools of 500 and 1,000 ft. Weights of the 500-ft. spool 
for the three types are, respectively, 11, 12, and 19 lb. It is weather- 
and heat-resistant and can be stored without deterioration. It is water- 
resistant except in extremely wet conditions. 

Blasting Caps.—High explosives, the dynamites and permissibles, 
require the use of a detonator or blasting cap for their explosion. The 
conventional blasting cap (Fig. 51) consists of a cylindrical shell, usually 
copper, of 0.22 in. internal diameter and various lengths, charged at the 
closed end with a compound consisting of a mixture of fulminate and 
potassium chlorate, trinitrotoluene, lead azide, nitrormannite, or other 
detonating mixture. Priming and ignition charges are placed upon the 
detonating mixture, leaving a 34-in. space for the insertion of the fuse. 
The end of the safety fuse is cut square and inserted into the cap in 
contact with the cap charge, and the shell is crimped about the fuse to 
form a tight joint. Hand and bench crimpers of good design are availa- 
ble. An oilless waterproofing compound is often placed at the joint as an 
additional precaution against thé entrance of moisture. Varying the 
lengths of safety fuse enables blasts to be exploded in sequence. <A 
difference of 2 in. in length of respective groups of blasts is sufficient for 
sequence. No. 6 and No. 8 caps are in general use. 
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Electric Blasting Caps.—Electric blasting caps are of two kinds, 
instantaneous and delayed-action. Both rely upon the heating to incan- 
descence of a platinum bridge between two insulated lead wires upon 
the passage of a sufficient current; the hot bridge wire ignites an ignition 
mixture, which in turn ignites the cap charge in the instantaneous 
type and the timing element in the delayed-action type; the timing 
element in turn ignites the detonating mixture. The timing period 
between delays is about 114 sec.; delays are supplied in a series of 10 from 
no delay up. Several electric blasting cap designs are shown in Fig. 51. 

Electric blasting caps are sufficiently waterproof for ordinary blasting 
conditions. Caps of special construction with high water resistance are 
manufactured for submarine blasting or for severe water conditions. 
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Fig. 51.— Details of construction of blasting caps, electric blasting caps, delays, and electric 
squib. 


Electric squibs (Fig. 51) are similar in construction but contain a 
deflagrating mixture, which when ignited bursts the shell and imparts 
a hot flame. They are used to ignite black-powder and pellet-powder 
cartridges and have displaced the miner’s squib. 

Firing Electrically.—Where electric detonators are used in blasting 
charges, a group of charges may be joined in series to a pair of lead wires 
connecting with the source of current. One leg wire of No. 1 cap is 
connected to a leg wire of No. 2 cap, the second leg wire of No. 2 cap to 
the first leg wire of No. 3 cap, and so on. The free wire of No. 1 cap 
and the free wire of the-last cap in the series are connected to the two 
lead wires. The series hookup is advantageous in that such a circuit may 
be readily tested with the circuit tester. It is generally used with blast- 
ing machines. Connecting the leg wires from each cap, one to each lead 
wire, gives a parallel circuit. For a given number of caps the resistance 
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TasLe 20.—ReEsISTANCE oF Evecrric BuAsTiInG Caps 
(du Pont) 


eT NE a Ce 
Resistance, ohms per cap ; 
Leg wires, ft. 
Lapeer Delays Leg wires, ft. poeta ere Delays 
4 1.26 1,04 193 152 1.30 
6 1.32 - 1.10 20 1.79 1.56 
8 1.38 iL? 30 1.76 1.54 
10 1.45 123 50 2.18 1.96 


Norr.—For copper leg wires, resistance for the connecting wire is 10.15, 12.8, and 16.14 ohms per 
1,000 ft. for respective Brown & Sharpe gages 20, 21, and 22; for common sizes of leading wires, resistance 
is 2.53, 4.02, and 6.39 ohms per 1,000 ft. for gages 14, 16, and 18, respectively. 
of a parallel hookup is very much less than for a series circuit, the resist- 
ance of which is the sum of the resistances of each cap and its leg wires and 
the exterior wires of the circuit. Another hookup is the combination 
of series and parallel, groups of caps in series being connected in parallel 
to the lead wires. Figure 52 indicates several wiring plans. 

The resistance of each blasting circuit should be estimated so as to 
avoid overloading the blasting machine or other source of current. Table 
20 gives the resistances of blasting caps and wires. Each circuit should 
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Fra. 52.—Methods of connecting circuits for electric ignitions. 


also be carefully tested before final connection with current source. 
Firing current is supplied by a blasting machine or from a power circuit. 
The larger blasting machines are designed to carry some 50 shots in series; 
smaller machines of several types are on the market. Figure 53 illu- 
strates various machines. The two-post machine of the push-down type 
is designed to fire a single circuit in series arrangement and is widely 
used in quarry and other mining operations. Power-circuit current is 
limited to 110 or 220 volts, d-c or a-c. Such circuits are protected by a 
fuse, switches, and locked boxes to ensure safety. 

Blasting machines are tested by using a special rheostat that enables 
a resistance equal to the resistance of a given number of caps to be 
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interposed in the circuit of the blasting machine, which is then operated 
with a blasting cap in series (in a safe position). In other forms of 
rheostats an indicating light is used in place of the blasting cap. The 
rheostat is shown in Fig. 54. For testing blasting circuits a special kind 


C 


Via. 53.—Blasting machines. A is the ordinary 2-pole machine; B is a 5-shot hand 
machine, operated by twisting the handle (outer case of machine removed); C is a high- 
amperage machine: upper right-hand view shows interior mechanism. (California Cap Co.) 
of galvanometer is employed. This contains a silver chloride cell that 
supplies a very small current in series with the galvanometer and the 
circuit to be tested. The galvanometer-needle deflection indicates the 
current passing. Blasters’ handbooks supplied by manufacturers of 
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Fie. 54.—Rheostat for testing blasting machines. The numbers indicate the numbers 
of caps the machine will explode with one cap in series with the rheostat. The resistance 
plugs have been removed from the wooden case. (California Cap Co.) 


F1a. 55.—Galvanometer for testing blasting circuits. (California Cap Co.) 
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explosives give details for estimating the resistance of blasting circuits 
and for electrical blasting in general. Figure 55 illustrates the blasters’ 
galvanometer. 

In electrical blasting stray currents are a source of danger and might 
cause premature explosions by entering the blasting circuit. Thunder- 
storms are potentially dangerous during blasting operations. An ore 
body that is a good conductor can set up dangerous conditions with 
respect to electrical blasting. The blasting circuit where a power line 
is the source of current should be kept from any contact with electrical 
conductors, pipe, rails, and hoisting ropes. Leg wires, lead wires, and 
blasting circuit should be short-circuited until the blast is ready to be 
connected. Maintenance of insulation on leg and lead wires, tapping all 
connections, and keeping such circuits away from wet ground prevent 
shorting. Careful testing of all circuits before blasting to determine any 
grounds is necessary. R. G. Clay and C. F. Seamon state that a switch 
is not safe for underground use and recommend that the insulation 
between blasting circuit and power source should be an air gap of at 
least 18 in. They accomplish this by means of a hot box (Fig. 57) pro- 
tected by a resistor. Contact with the blasting circuit, which is protected 
by a safety switch, is made by means of a shooting paddle that connects 
the supply circuit with the safety switch across the gap. 

Handling and Storage of Explosives.—All explosives require scrupu- 
lous care in handling. Protection from fire, sparks, or other kinds of 
ignition is necessary in all cases. Detailed methods for handling explo- 
sives and safe methods for their use are given in the bibliography at the 
end of Chap. VI. Most explosives deteriorate when exposed to moisture, 
weather, alternating high and low temperatures, or when improperly 
stored. Well-ventilated magazines maintained at uniform temperatures 
with protection from dampness are essential. Manufacturers of explo- 
sives supply detailed information as to the best conditions for the 
storage of their products. 

Caps and fuse are stored in separate magazines, and provision is made 
for separate containers for primers and explosives where they are being 
transported to places for use. State laws prescribe magazine construc- 
tion, distances from buildings, maximum quantities that can be stored, 
and many regulations designed for safety. Federal laws regulate the 
transportation of explosives. 

Use of Black and Pellet Powder.—Small charges of black powder 
are best used in cartridge form. After the drill hole is cleaned the 
cartridges are inserted and then are pushed to the bottom by a wooden 
tamping stick. ‘The primer cartridge, with the safety fuse inserted and 
the end of the cartridge paper securely tied about it, is pushed down upon 
the charge; loose stemming is added and the remainder of the hole is 


ROCK BREAKING 135 


tamped with additional stemming. Sequence in blasting several holes is 
accomplished by using different lengths of fuse. Pellet powder cartridges 
have the fuse end inserted in the central hole. Electric squibs are 
inserted in the central hole of the pellet primer cartridge, which is placed 
in the middle of the charge. Delayed-action squibs permit sequence 
blasting. 

Chambered holes are filled by pouring the powder through a brass 
funnel; horizontal holes are charged with a powder charger. Large 
charges of black powder are exploded by means of a primer consisting 
of several sticks of dynamite, one of which contains an electric blasting 
cap, tied in a compact bundle and placed in a central portion of a charge. 
After the priming charge is placed, the remainder of the black powder 
charge is poured into the hole and worked down by a tamping rod 
until all voids of the chamber are filled. 

Use of Dynamites and Permissibles.—Explosives that require the ° 
use of detonators are prepared as follows: For the smaller drill holes the 
primer cartridge is pierced diagonally by a wooden or copper skewer on 
the side just above the mid-point; the detonator, crimped properly to the 
fuse, is inserted well within the explosive so as to bring the cap end at 
the axis of the cartridge. A short length of cord is given a half hitch 
around the fuse about an inch above the cap; the ends are then brought 
around the cartridge and tied in a firm knot Just below where the fuse 
leaves the side of the cartridge. The primer cartridge may be placed as 
the second cartridge in the drill hole or as the last cartridge of the charge; 
stemming is introduced and lightly tamped, after which additional 
stemming and firmer tamping complete the charging. See Fig. 56. 

Primer cartridges for electric blasting caps are prepared as described 
above. Another method is to unwrap the end of the cartridge, pierce the 
explosive, and insert the cap. The leg wires are brought to the side and 
inserted through a hole made through the middle of the cartridge, then 
tightened and brought up alongside the cartridge. Still another method 
is to cut the cartridge longitudinally, lay the cap within, and wrap the 
cartridge in box-lining paper, tying firmly with cord. It is desirable to 
avoid kinks, sharp bends, and half hitches in the lead wires. The primer 
cartridge is placed as the second cartridge from the top of the charge with 
the cap pointing toward the principal part of the charge; in sequence 
blasting the primer is placed second from the bottom, with the cap point- 
ing toward the opening of the drill hole. 

The maximum detonating effect of the blasting cap is from its closed 
end in a direction parallel with its length. The safety primer, described 
by T. Soule, consists of a wooden block (Fig. 57) in which the electric 
blasting cap is placed in an axial hole with the closed end flush with the 
end of the block; the reverse end of the block is tapered and a saw cut on a 
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Fig. 56.—Methods of preparing primer cartridge; position of primer cartridge in charge; 
kinds of loading churn-drill holes; use of detonating fuse. 


diameter at this end allows the leg wires to be separated and bent back 
along the sides of the block. The cap is glued in the hole. The block 
is about 34 in. longer than the longest delay cap to be used and is quarter 
octogon in section so as to allow room for the leg wires to pass. The 
primer cartridge is prepared by opening and placing the wooden primer 
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with the end of the cap against the explosive; it may also be slit so as to 
reduce air spaces to a minimum. The primer cartridge is pushed to the 
bottom of the drill hole and lightly tamped, after which the remainder of 
the charge is inserted, followed by stemming. In orthodox practice 
the primer cartridge is never tamped and the following cartridge only 
lightly tamped.. The use of the safety primer permits slitting each 
cartridge and firmly tamping it to secure concentration of charge. 
Churn-drill holes are charged as follows: The first cartridge is pierced 
about 3 in. from the top. Then Primacord is threaded through, the cut 
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Fia. 57.—Upper left—Soule’s safety primer; lower left—safety gap electric switch for elec- 
trical blasting; right—tamping block and breaker. 


end being brought around the line above the cartridge and firmly tied 
(Fig. 56). Another method is to pierce an axial hole through the cart- 
ridge, thread the Primacord through, and tie a knot in the cut end. The 
first cartridge is lowered to the bottom of the hole and firmly seated, the 
Primacord being cut at a point 2 ft. above the collar of the hole and 
the end being tied to a piece of wood weighted by a rock. Succeeding 
cartridges may be dropped to the bottom of the hole or they may be cut 
into several pieces and each piece dropped separately. The best 
practice is to lower the cartridges one at a time on a rope. At New 
Cornelia 50-lb. cartridges (8 by 27 in.) are handled by a compressed- 
air-operated loading machine that consists of a small hoist and a short 
derrick arm with a sheave mounted upon two rubber-tired wheels and 
secured in the loading position by means of three pointed steel rods. The 
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rope is a 3é-in. rubber hose terminating in a compressed-air-operated 
release hook. A safety brake is used to control lowering. The use of the 
large cartridge cuts down air spaces. Stemming consisting of mill tailings 
is shoveled into the hole. Deck loads are charges placed in the upper 
parts of drill holes above the main charge and separated from it by 
stemming. Tamping of charges is not necessary. Where ropes are 
employed, a closed hook with several sharp edges is used and the cart- 
_ ridge is tied to the hook with cord. Several sharp jerks cut the cord and 
release the cartridge. Primacord trunk lines are laid along the line of 
holes and each branch is connected at right angles. A blasting cap with 
safety fuse is attached by means of a special union at one end of the trunk 
line; instantaneous electric blasting caps are also used, attached at both 
ends of the trunk line by means of special unions. 

Many serious accidents have occurred in loading churn-drill holes. 
They may be prevented only by a well-planned procedure and rigid 
discipline in carrying it out. Where black powder is used, protection 
from sparks, flame, and impact and grinding friction is essential. Areas 
about the top of the hole should be cleared, and explosives should be 
delivered at a distance and brought up to the loading point a small 
quantity at atime. The Institute of Makers of Explosives recommends 
gelatin dynamite and low-ammonia explosives for churn-drill holes, never 
straight dynamite. The use of the tamping block for either compacting 
- explosive or for stemming is to be avoided. 

Chambering or Springing.—The loading capacity of small-diameter 
drill holes can be increased by chambering or springing, which consists 
of exploding several small charges successively in the hole until a cavity 
of sufficient size to receive the charge has been made. Soft rocks may 
require only one springing charge, but hard rocks require up to three. 
At New Cornelia the hardest rock requires three springing charges in 24- 
ft. machine-drill holes, 2144 to 17 in. in diameter. The first charge is 5 
lb., the second 12 lb., and the third 30 lb. of 60 per cent special gelatin, 
with stemming respectively 4, 8, and 16 ft. A springing blast develops 
considerable heat, which is slowly dissipated. Therefore an interval is 
necessary between springing charges to allow a hole to cool off. No 
blastholes are sprung twice in the same day, and a blasthole is never 
loaded until the day after the final springing charge. 

Drill-hole Conditions.— Drill holes should be clean. Usually a com- 
pressed-air pipe is used to blow them out; scrapers are used where blowing 
is impracticable. After chambering, cleaning may be necessary and the 
air pipe is used for this purpose. Churn-drill holes should be examined 
by flashlight or by reflecting sunlight down by means of a mirror. Caved 
holes may need to be cleared. Water is bailed out. The condition of 
the hole, whether wet, damp, or dry, is of importance in selecting the 
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explosive and in determining the interval between loading and firing. 
At the United Verde open pit, hot holes were tested by thermometer and 
were cooled by water. The tamping bar is sometimes used in testing a 
churn-drill hole for clearance. 

Tamping.—Tamping sticks are round, of a diameter and length to 
accommodate the deepest holes. They are made of light. wood or of 
bamboo rods. For churn-drill holes a cylindrical wooden block of hard- 
wood securely attached to a rope and from 3 to 4 ft. in length is employed; 
it must be weighted where used under water. Tamping blocks are not 
used in large churn-drill holes. When cartridges stick, a special tamping 
block (Fig. 57) is used to break them up. This has a pointed wooden 
prong as an extension. In small-diameter drill holes the tamping stick 
is used to compact the powder charge and to press the stemming into 
place. 
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Fic. 57a.—Sectional tamping rod for long holes. (Noranda Mine.) 


Long holes, such as diamond-drill holes, require flexible tamping 
rods or sectional rods (Fig. 57a) with couplings. An air hose plugged at 
the tamping end is often used. Another design is rod sections joined 
together by rubber-covered wire cables. 

Stemming.—Stemming is frequently omitted where high-power 
explosives are used and time is important, as in tunneling. In coal 
mining, stemming is necessary for pellet, black powder, and permissibles. 
Stemming increases the blasting effect and protects the charge in the 
interval before firing. A moistened mixture of sand and clay made up 
into cartridges, marked with a colored paper to distinguish them from 
explosives, satisfies most blasting requirements. Tamcot is a fibrous 
noncombustible material made up into stemming plugs 1)4 by 6 in. and 
used: in place of ordinary stemming. Mill tailings and cuttings from 
drill holes are used as stemming in churn-drill holes. 

Blasting Warnings.—Before setting off a blast it is necessary to warn 
all persons away, to block off all approaches, and to signal by whistle or 
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other means. In open-pit operations, blasting areas are marked off by 
flags and warning signals are given before blasting. 

Bombs.—Bombs consist of a bundle of high-explosive cartridges 
within which is placed a primer cartridge with electric blasting ¢ap. 
The bundle is wrapped in burlap and securely tied to lath or sectional 


34-in. pipe, by which it is raised into position. The support is braced ; 


and the charge is fired from a safe position. Bombs are used principally 
for clearing a hung-up chute or rock transfer. 

Blockholing and Mudcapping.—Large boulders are drilled and blasted 
by small charges (blockholing), or they may be smashed by exploding 
a charge on top of the rock, the explosive being covered by a cap of mud 
(mudcapping). Fuse and blasting caps or electric detonators are used for 
the work. Underground, blockholing is required to break down pieces 
too large to pass grizzlies or chutes. In open-pit operations, pieces too 
large to pass through the dipper of the shovel are cast aside and reduced 
by blockholing. Blockholing gives a more efficient use of explosives 
than does mudcapping. 

Improvements in contact blasting designed to avoid both blockholing 
and mudcapping have been made at the property of the National Tunnel 
and Mines Company, Tooele, Utah, by W. T. Warren. The idea stems 
from the ‘‘ Monroe effect”? obtained in demolition operations by concen- 
trated charges. The explosive, a 45 per cent gelatin, is packed into a 
tin container, resembling a small brimless derby, in such a way as to leave 
a deep concavity in the area of the charge next to the rock face. An 
electric blasting cap is placed at the apex of the charge. The container 
is placed against the face of rock or boulder to be blasted. Medium sized 
boulders, 45 cu. ft., are said to have been completely broken by a 0.7-lb. 
charge, and 240 cu. ft. boulders were broken by 4!4-lb. charges, the largest 
charges used to date. Blocked chutes and finger raises have been success- 
fully cleared by similar charges. 

Coyote-hole Blasting.—Coyote holes are small tunnels driven into a 
bank and connected with blasting chambers winged at right angles to the 
entrance tunnel. Charges of explosive are placed in the chambers along 
with priming charges. Only high banks should be blasted in this manner. 
Electric blasting caps are used in the priming charges, and great care is 
necessary to protect lead wires from damage during the preparation of the 
blast. Often two independent circuits are used to ensure detonation; 
sometimes two priming charges are placed in each chamber. Black 
powder is loaded in unopened cans. Small-diameter cartridges are 
loaded in unopened cases; large-diameter cartridges are removed from 
their cases and stacked upon their sides. Primer charges are placed well 
within the pile of explosives. Stemming material is loaded into the T 
formed by the junction of the entrance tunnel and the wings, the entrance 
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tunnel being also filled with stemming. Coyote-hole blasting has been 
superseded to a considerable extent by well-hole blasting, and is now only 
used where the topography prevents the use of churn drills or where such 
equipment is not available. 

Spitting Fuse.—Many ways are used for igniting fuse. The candle 
snuff has disappeared, but the acetylene-lamp flame finds limited use. 
The simplest way to ignite a single fuse is to split the end about 34 in. 
down, insert a match head, and strike the match head upon the box; a 
spurt of flame indicates that the fuse has been ignited. At Butte, 6 to 
15 fuses are bunched, tied or taped together, cut evenly on the ends, and 
ignited by the flame from a short length of fuse notched at 2-in. intervals 
and previously ignited. After the bunch of fuses has been thoroughly 
ignited it is held against the face of the second bunch and rotated so as to 
ignite it thoroughly. In South African gold mines a fuse lighter or 
Tchisa stick is used for fuse lighting. It consists of a paper shell 14 in. in 
diameter by 8 in. in length, containing a mixture of oxidizers and com- 
bustibles, which when ignited produces a strong, pointed flame. The 
stick burns for 4 min. The safety-fuse match lighter consists of a short 
paper tube that is slipped over the end of a freshly cut fuse. One end 
of the tube is coated with a composition similar to that used for safety 
matches and can be ignited by striking upon the side of a safety match- 
box. The pull-wire fuse lighter is a paper tube containing an ignition 
compound and a pull-wire ignition head. After it is slipped over the 
fuse end, the wire is pulled and the ignition compound lights the fuse. 
The lead-tube spitter lighter and the hot-wire lighter are other devices. 
The master fuse lighter, used in sequence or rotation firing, is a water- 
proofed open-ended paper shell containing an ignition compound in the 
closed end and a flexible rubber cover on the open end. From two to six 
freshly cut fuse ends can be slipped through the cover, together witha pilot 
fuse, until contact is made with the ignition compound. Spitting the 
pilot fuse ignites all the fuses simultaneously. . 

Nomenclature of Blastholes.—Position, direction, and function of 
blastholes are indicated by a not too precise nomenclature that is often 
local in origin. Uppers and lowers require no definition; direction may be 
vertically up or down or at an angle. Breast holes are holes in a vertical 
face and are usually horizontal. Back holes are in a more or less horizon- 
tal face above the driller. Cut holes are usually at an angle to the face 
and are designed to make the initial break in blasting; they are the first to 
be fired in sequence or rotation blasting. Pyramidal cut refers to three 
or four cut holes that form the corners of a pyramid and usually meet at 
the apex. A V or wedge cut is formed by two lines of holes that enclose 
the wedge. A double V cut consists of an inner wedge cut, as well as 
an outer. A draw cut is a wedge cut at the side of shaft, winze, or raise 
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section or at the lower half or upper half of a drift section. A diamond 
cut is similar toa pyramidal cut. A sump cut is sometimes used in shaft 
sinking, one-half of the shaft section being broken by a wedge cut at the 
end and the other half-section offset by half this depth of the round 
similarly broken. A slabbing cut consists of from two to four steeply 
angled holes not symmetrically placed. A burn cut (shatter cut, wood- 
chuck cut) refers to a group of horizontal holes in the central part of a 
face that break out a cylindrical core, some holes being charged and some 
being left empty. 

“Relievers” is a term applied to the second and often to a third group 
of holes surrounding the cut holes and breaking in sequence to them. 
“Trimmers’’ applies to the holes close to the periphery of the face. They 
have the function of breaking to the limits of the cross section, and are 
the last of the series to be blasted. “Lifters” refers to the bottom row of 
holes on a section. They may be the last holes to be blasted. They 
are often more heavily charged so as to throw back the muck. 

“Burden” refers to the normal distance from the charge in a hole to a 
free face or to a break established by a previously blasted group of holes 
(sequence blasting). ‘“Overbreak’’ (backbreak) refers to the blasting of 
a face beyond the lines of the intended section. Underbreak is a face 
that in one or more portions falls short of completing the section. Pop 
shots are charges placed in short drill holes to complete breaking to the 
section lines. “Toe holes’’ refers to a line of holes at the base or toe of 
a bench in open-pit mining. 

Concentrated charges are charges in a chamber formed in the lower 
portion of the drill hole. Column charges are so placed in a churndrill 
hole as to form an unbroken column. “Deck loads”’ refers to separate 
charges placed at intervals in the drill hole above the principal charge 
and separated by lengths of stemming. Spaced charges are two or more 
portions of explosive separated by spacers in a drill hole, the purpose 
being to distribute the blast along the length of the drill hole. Spacers 
of wood (objectionable) or pottery (preferable) are 8 to 10 in. in length 
and about one-half the diameter of the borehole. By the use of high- 
count or low-density cartridges a charge may be distributed over a 
greater length of drill hole and the use of spacers avoided. In cush- 
ioned blasting, an air space is left by introducing a copper-wire spacer 
before the stemming or by using cartridges of smaller diameter than the 
blasthole. 

Misfires are charges that have failed to explode. They are the source 
of many accidents. Cutoff holes are holes that have their upper portions 
blown off by neighboring blasts and often contain unexploded charges. 
After a face has been blasted and a safe time has elapsed, it is examined 
for sockets and misfires. The muck pile should also be examined for 
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unexploded cartridges derived from cutoff holes. Only experienced 
blasters should bg permitted to handle misfires. Where electric blasting 
caps have been used, the blasting circuit is disconnected before approach- 
ing the face and, if leg wires are accessible, the cap is tested with a cir- 
cuit tester. If it shows normal condition, the leg wires are connected up 
/ and an attempt made to explode the charge. Misfires are sometimes 
handled by removal of the stemming by means of compressed air or water 
discharged from a hose; a fresh primer is inserted and the charge is fired. 
Unexploded charges in sockets are handled in the same way. Attention 
to all details of blasting reduces the liability of misfires. In open-pit 
operations it is especially necessary to maintain records of charges in each 
drill hole, position of deck charges, and stemming heights, as this informa- 
tion may be helpful in handling a misfire. 

Throw, Concussion, and Seismic Effect—In hard-rock blasting, 
pyramidal and wedge cuts throw broken rock a considerable distance, 
/ sometimes 50 to 100 ft. in horizontal development, and in shaft sinking 
) timber sets may be greatly damaged. In soft and medium-hard rock the 
|} throw is much less. The burn cut has the advantage of producing little 
or no throw. Slabbing cuts are also used to reduce throw. Excessive 
charges may produce throw. _ Lifters, the last holes in a round to explode, 
| are often the most heavily charged, so as to throw broken rock back from 
| the face. Safe distances when firing charges are 1,000 ft. or more from a 
| face, or around a turn or two in connected workings. 

In bench blasting there is a moderate throw, even with well-pro- 
portioned charges. Widespread or scattering throw is usually due to 
/ excessive charges. In many open-pit mines the first shovel cut gathers 
| the throw of the blast and loads it out, using the tracks in place; on com- 
| pletion of the scatter cut, the tracks are shifted and a second cut com- 
pletes the cleanup of the bench. 

Concussion or air blast is greatest near a blast. Damage to struc- 
| tures, unless they are abnormally close, is nil. Every blast sets up 
| vibrations, local in character, in the rock mass. Large charges may set 
| up vibrations that may be detected at a considerable distance by seismo- 
| graphs. J. R. Thorn and 8. L. Windes (Bulletin 442, U.S. Bureau of 
| Mines) state that customary vibrational disturbances from quarry 
blasting result in displacements and frequencies that represent accelera- 
| tions of about 0.01 of gravity. Ordinary quarry blasting does not pro- 
), duce damage to buildings or other structures. 


CHAPTER VI 
BLASTING ROCK 


Blasting.—The explosion of a relatively small volume of explosive 
within a rock mass releases gaseous products at high temperatures and 
high pressures. The shock or blow thus places the rock mass under great 
stress, and displacement and fracture may take place in the direction of 
least resistance if there is no opportunity for escape. To displace and 
fracture a given rock mass, the weight of explosive must be in proportion 
to the volume of the mass. Experience as well as experiment has deter- 
mined the weight-to-volume ratios for different explosives and for varying 
conditions. This weight of explosive may be concentrated in a single 
charge, as in coyote-hole blasting, or it may be distributed in a number of 
small charges in as many blastholes, so placed as to equalize the propor- 
tion of burden on each charge. 

Lines of least resistance, the number of free faces, whether the exposed 
rock face is normal to the line of least resistance, the depth of the blast- 
holes, the strength of the rock mass, and the kind of explosive are all 
considered by the blaster. The least favorable condition is.a single free 
face, such as the bottom of a shaft or the face of a heading. The most 
favorable is a detached rock mass. In the former more explosive is 
required to break a given volume of rock than in the latter, where a 
relatively small weight will shatter the mass. 

Under some conditions displacement and fracture may result in a 
high proportion of large rock masses; with a greater weight of explosive 
distributed in a greater number of charges and by the use of a high 
explosive the proportion of large masses may be reduced. That is, better 
fragmentation is secured. Large masses must be reduced by further 
blasting, which is called secondary blasting. Good fragmentation in the 
first blasting reduces the amount of secondary blasting. 

Bench Blasting.—Bench blasting as here considered deals with blast- 
ing in open-pit mines and in rock quarries other than dimension- or 
building-stone quarries. The requirement is to break the rock small 
enough to be conveniently handled by the steam shovel or by hand. 
The subsequent treatment of the rock must be considered. If it is to 
be crushed in rock breakers, the maximum-sized piece that can be 
handled by the rock breaker in question determines the size limit of the 
product. A blast will result in a greater or less amount of oversize 

144 


BLASTING ROCK 145 


material, and this must be reduced by blockholing and blasting or by 
sledging. The blaster endeavors to produce the minimum amount of 
oversize without at the same time producing an excessive amount of fine 
material. Good judgment in spacing holes and in the selection of the 
kind and amount of explosive is necessary to accomplish this end. 

In Figs. 58a, b, c, d, and e the methods established by mining prac- 
tice are shown. In aa row of drill holes is placed parallel with the crest 
of the bench and spaced a distance apart equal to the line of least resist- 
ance, The depth of the hole is made somewhat greater than the height 


\ 
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Fig. 58.—Distribution of blasting charges used in bench blasting. In c¢, S is the distance 
between drill holes; in d, A is broken by one hole and B by the toe hole. 


of the bench. The line of least resistance W may equal the depth of 
the drill hole D or may be some fractional part of D like 0.75D, 0.5D, 
0.33D, or 0.25D. If chamber blasting is employed the first and second 
values are suitable. In chamber blasting the bottom of the drill hole is 
enlarged by repeated blasts of a high explosive. First several sticks of 
powder are blasted, using little or no tamping. Then, after an interval 
for the drill hole to cool off, more powder is crowded into the bottom and 
the chamber is further enlarged. ‘Two or three charges may be necessary 
before a chamber of sufficient size is obtained. Where it is desired to 
break the rock to small size, the third and fourth values are used. The 
weight of the powder charge and the size of the drill hole also have their 
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influence. The depth of the charge in a drill hole where chambering 
is not made use of is given by the equation 


Charge length = D — 1.2W 


This allows a length of stemming somewhat greater than the length of 
the line of least resistance. The resistance both at right angles to the 
drill hole and in the direction of its length is thus equalized. By making 
W smaller than D a sufficient charge of powder can be placed in a drill 


D 
hole of small diameter. For example, assume that W = 3 and take 


a drill hole 30 ft. in depth. The charge length would equal 12 ft. 
Assume that 135 lb. of charge would be necessary. A drill hole 5 in. in 
diameter would permit this charge (assuming the specific gravity of 
explosive to be 1.2). If W were greater than 15 ft., more explosive would 
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Fia. 59.— Blasting cone; (a) homogeneous rock, (b) stratified rock. 


be required and would have to be placed in a shorter charging chamber, 
thus necessitating a drill hole of larger diameter. 

The interval between the drill holes along the length of the benches 
ranges from W to 2W. The.degree to which the rock is to be broken 
and the cohesiveness of the rock determine the interval. Where tough, 
solid rock is to be broken small, the first value is suitable, whereas if 
large masses are required the second value would be used. In order to 
understand the effect of simultaneously blasting a number of drill holes 
it is necessary to study the blasting cone in detail. In Fig. 59a is shown 
a section of a blasting cone in homogeneous rock. The concentric 
rings represent imaginary shells in a sphere of rock that represents the 
mass of rock affected by the blast. In the innermost shell the rock is 
broken to a fine powder; in the second, B, it is broken into small frag- 
ments; in the third, C, it is broken into coarser fragments, while in the 
fourth, D, the fragments are considerably larger. There is no sharp 
division surface between the shells. Displacement is possible only in the 
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direction of the free face, and in this direction a cone-shaped mass is 
displaced and the fragments are free to fall apart. The remainder of the 
volume of the sphere consists of a compact mosaic. No movement being 
possible in this portion, it is reasonable to expect that the degree of frac- 
turing is somewhat less than in the displaced cone. The diameter of the 
sphere depends upon the strength of the rock and the weight of explosive 
used. 

In Fig. 59 the conditions in a nonhomogeneous rock mass are 
shown. In this case the rock volume affected is a flattened sphere. The 
flattening is transverse to the lines of stratification. As in the former 
case, concentric spheroidal shells can be imagined. The displaced cones 
are either less or greater than a right-angle cone, depending on whether 


Free Face 
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Fria. 60.—Simultaneous blasting; (a) holes 2W apart, (b) holes W apart. 


the free face is parallel with or at right angles to the stratification planes. 
Both figures also illustrate the conditions where the charge of explosive 
is distributed in the form of a long cylinder. The cones become wedges 
in these cases. 

Figures 60a and 6 illustrate the conditions resulting from simulta- 
neous blasts. In a the boreholes are spaced twice the length of the line 
of least resistance, while in b the spacing is the length of the line of least 
resistance. The blasting spheres are tangent in a; in b they overlap. 
In both cases the hatched and shaded portions indicate the section 
of the mass of rock affected. The heavily shaded areas indicate the 
rock masses which are displaced, but which are without the sphere or 
cylinder of the greatest fracturing and hence are displaced in relatively 
large masses. The overlapping of the spheres of greatest fracturing in 
Fig. 60b indicates how these rock masses are reduced in size and how 
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certain portions of the rock mass between the blasts are subjected to 
twice the amount of fracturing as compared with case a. 

The approximate volumes of rock broken by a single blast under 
varying conditions and also by a number of simultaneous blasts are given 
in Table 21. Two free faces are assumed. 


TABLE 21 


Volume broken by (7) blasts 
Volume broken by ; a 


Value of W single blast ’ 
Spacing W Spacing 2W 


(n + (n — 1))D8 


0.75D 6 D3 0.56 nD? .56 
.25 (n + (n — 1))D3 
ait 
06 


0.5 

0.50D 0.25 D3 0.25 nD? 
0.1 
0.0 


D, depth of drill hole; W, line of least resistance; n, number of holes. 


The calculation of the approximate weight of the explosive required 
can be obtained by multiplying the volume to be broken by the powder 
ratio, which is the weight of the explosive in pounds required to break 
1 cu. ft. of rock. It is determined by a number of trial shots carried out 
under as nearly as possible the same conditions as the blasting to be done. 
Sometimes ‘‘standard rounds’? are determined by trial for different 
kinds of mining work. In the experimental work the depth of holes, 
speed of drilling, and the quantity and kind of explosive are determined 
for the several conditions. In Table 22 different powder ratios have 
been assumed and the powder charges calculated for different drill holes. 

The first method (Fig. 58a) has been considered in detail for the 
reason that it is the most frequently occurring case and the other methods 
are close parallels. In method Fig. 58b two lines of drill holes are 
placed, the spacing in both directions being shown as equal to the line 
of least resistance. The holes in the back row are placed between the 
holes in the front row. The result of spacing in this way is to obtain a 
smaller amount of oversize product. A somewhat greater efficiency of 
the explosive favors this arrangement. Method Fig. 58c is used in 
soft rock or ore where the holes can be readily dug with a bar. It is 
frequently termed gopher-hole blasting. Method Fig. 58d is used 
where a high bench is worked and the economical depth of the drill hole 
is limited. A 50-ft. bench could be broken by two 25-ft. holes. The 
rock broken by each hole is shown by the shaded portions A and B. 
Method Fig. 58e is used for blasting benches of considerably greater 
height than can be economically drilled. Benches 100 to 200 ft. in height 
can be broken. The procedure is to run a crosscut into the toe of the 
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bank and from the end of the crosscut to extend two short drifts ter- 
minating in powder chambers. 


TABLE 22 


Weight of powder in pounds per charge 


D, feet V in cubic feet Powder ratios, pounds per cubic foot 

0.05 | 0.04 0.03 | 0.02 0.01 

A. 315250 1,562.0 1,250.0 938.0 625.0 Sl2nO 

50 B 18,888 694.0 556.0 417.0 278.0 139.0 
C 7,812 391.0 312.0 234.0 156.0 78.0 

A 16,000 800.0 640.0 480.0 320.0 160.0 

40 1a = 7ealilal 355.0 284.0 213.0 142.0 7AlLD) 
C 4,000 200.0 160.0 120.0 80.0 40.0 

A 6,750 338.0 220 203.0 1520 68.0 

30 B 3,000 150.0 120.0 90.0 60.0 30.0 
C 1,687 84.0 68.0 50.0 34.0 17.0 


D, depth of borehole; W, line of least resistance; V, volume broken by single shot 
in cubic feet. For A, W = oi for BWV = ai for C, W = a 


Black powder has generally been displaced by low-velocity explosives 
and bulk or bag powders. In most open-pit mines churn-drill holes are 
used for bench blasting; coyote-hole blasting is disappearing or is used 
where conditions for churn drilling are unfavorable. The 9- and 12-in. 
churn-drill holes enable sufficiently large charges to be placed without 
chambering. Column charging or column plus one or more deck loads 
(Fig. 61) is customary practice, the explosive being distributed in pro- 
portion to the burden along the depth of the hole. Where bench slopes 
are such as to place too great a burden upon the toe, supplementary toe 
holes are necessary. Banks are usually 35 to 40 ft. in height. Two or 
more parallel lines of blastholes may be necessary to break the width of 
the cut, which may range from 35 to 65 ft. Groups of holes are simul- 
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taneously exploded, and banks are blasted well in advance of shovel 
operations as little as a month and often a season in advance. Table 
23 gives weights of explosive per foot of drill hole. 


Fic. 61.—Bench heights and hole spacing at New Cornelia, Ariz. (A.I.M.E.) 


At New Cornelia (Arizona) machine-drill holes are used upon 20-ft. 
benches; holes are 24 ft. in depth and 12 to 16 ft. back from the toe of the 
bench, spaced 12 ft. apart in soft ground, 11 ft. in medium, 9 ft. in hard 
ground, and 8 ft. in very hard. They are sprung once in soft and medium, 
twice in hard ground, and three times in very hard rock. Mean area 
per drill hole, assuming an 80-deg. slope of bank, is 120 to 168 sq. ft. 
in soft rock, 110 to 154 in medium, 90 to 126 in hard, and 80 to 112 sq. ft. 


TaBLeE 23.—WhrIGHT OF EXPLOSIVE PER Foot or Dritt Hote 


Weight of explosive in 1 ft. drill hole 
fj Dame rer Vol of 1 ft., 
ig BE mee ea Permissible pes ae Gelatin 
1.25 14.7 0.5 0.56 0.68 0.87 Osa 
1.50 Die 0.83), ) 2 Ost 0.98 1,25 1.02 
2.00 370 1.4 1.43 Teds 2.22 1.82 
3.00 84.8 SU Ze eect eons: 3.90 4:99 4.09 
5.00 235.6 Srila pele aint 10.83 13.90 11.34 
6.00 339.6 12 Ooo eee rte 15.62 20.03 16.40 
8.00 603.2 PP Neth vee aI, Sash 27.74 35.59 29.13 
9.00 763.4 28.205 lh eatin 35.19 45.04 36.87 
12.00 1357.2 DOD Caters ae 62.43 80.07 65.55 
Weight, Ib. 
DORIC GIN Sener 0.0387 0.038 0.046 0.059% 0.048 


# 133 cartridges per 50-lb. case; a 256 count gives 0.02 lb. per cu. in. 
+90 per cent explosive; for 30 per cent the weight is 0.046. Large cartridges of 40 and 60 per cent 
ammonia gelatin weigh 0.0552 per cu. in.; other ammonia semigelatins, 30 and 40 per cent, weigh 0.036 


lb per cu. in. Nitromon in cans, grade A (75 per cent), weighs 0.049 lb. per cu. in.; grade D (40 per cent) 
weighs 0.034 Ib. per cu. in. 
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in extra hard, the foregoing quantities also indicating cubic feet per foot 
of drill hole. Nuine-inch churn-drill holes for 40-ft. benches are 46 ft. 
in depth and 23 to 35 ft. from toe of bench. They are spaced 14 ft. apart 
for soft and medium rocks, 12 ft. for hard, and 10 ft. for extra hard. The 
computed mean area per drill hole, assuming an 80-deg. bank, is 231 to 
329 sq. ft. for soft and medium rock, 198 to 282 for hard, and 165 to 235 
for extra-hard rock. For 60-ft. benches, 68-ft. drill holes 30 to 50 ft. from 
the toe are spaced 18 ft. apart in soft ground, 16 in medium, 14 in hard, 
and 12 in extra-hard rock. Computed mean areas per drill hole, assum- 
ing an 80-deg. bank slope, are 441 to 711 sq. ft. for soft ground, 392 to 
632 for medium, 348 to 553 for hard, and 294 to 474 for extra-hard rock. 
The softest rock encountered is described by H. H. Angst and R. A. 
Cochrane, from whose paper the foregoing was derived, as leached 
monzonite capping; diorite and rhyolite formations vary from extremely 
hard to very soft, and quartz monzonite is extremely hard and siliceous 
in character. 

At the Utah Copper open pit, 70-ft. benches are broken by toe holes 
23 ft. in depth and spaced 15 ft. apart; 17 holes, carrying a burden of some 
25,000 tons, are blasted simultaneously. At Chino a 50-ft. bankis broken 
by churn-drill holes 10 ft. back from bank edge, spaced 20 to 30 ft. and 
supplemented by 20- to 22-ft. toe holes 15 to 20 ft. apart. In coal strip 
pits the burden placed upon drill holes ranges from 10 to 40 cu. yd. per 
foot of drill hole; in limestone quarries the range is from 6 to 20 cu. yd. 
per foot of churn-drill hole. On the Mesabi Range churn-drill holes are 
drilled 5 ft. below the bench grade; benches are 25 to 35 ft. in height; 
holes are spaced 16 to 35 ft. apart, and rows of holes are 15 to 20 ft. 
apart. 

Figure 62 is from photographs of a large granite quarry in Southern 
California in which a high bench was carried, the breaking being by 
churn-drill holes and blasting. ..The left picture shows the completing of 
the cleanup of a blast and the right-hand picture the coarse broken rock 
resulting from the blasting of a row of churn-drill holes. 

Mine Workings.—Drift, crosscut, tunnel, adit, raise, and shaft 
present a similar problem in breaking in that one free face is attacked. 
Many patterns of rounds are found in practice. The number of holes per 
round and their depth, angle, and position vary with the type of rock 
broken and the dimensions of the face, but in most mining operations 
standardization in repetitive work results in greater speed and lower 
costs. Fragmentation suitable for mechanical loading appliances is 
furthered by a large number of drill holes and the selection of a suitable 
explosive. 

The greater the area of the section, the fewer drill holes; the greater 
the depth of the round, the deeper the drill holes and the greater the 
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explosive charges necessary; the smaller the section, other factors being 
equal, the greater the amount of explosive per cubic foot broken. 

Most rounds initiate the break by a pyramid, diamond, V, or burn 
cut; other holes break to this in succession, the trimmer and lifter holes 
completing the section. The V cut may be at the center, on the side, 
bottom, or top of the face. Figure 63 indicates the pyramid cut at a and 
the V or wedge cut at bandc. The angle of the pyramid or wedge should 
be such as to make the bottom of the holes forming it deeper than the 
breaking depth of the round. The double V and double pyramid cuts 

may be advantageous for a very deep round in very hard rock; they 
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Fie. 63.—Position of initial break in tunnel blasting. 


involve a shallower wedge or pyramid within an outer wedge or pyra- 
mid. The simplest V cut consists of two angle holes meeting at a point 
just beyond the depth of the round; other holes are so placed as to be 
readily drilled and also to break to the cut holes. Patterns of rounds 
: are tried out in a given working until one has been found that best meets 
the needs of the situation. The depth of the round is usually taken as 
three-quarters of the maximum dimension of the face; thus the 5- by 7-ft. 
drift is given a 5-ft. depth of round. A burn cut, on the other hand, is 
planned to give a greater depth, from 1 to 1/4 times the greatest section 
dimension, but about 12 ft. seems to be the limit. Figure 64a illustrates 
-a pyramid cut for hard rock;b a V or wedge cut for medium rock inasmall 
drift; c the heading method of driving a large tunnel in medium rock, the 
heading being broken by a V cut and the bench by vertical holes; d and e 
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Ita. 64,—Examples of drill rounds. 
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are examples from coal mining where a deep undercut establishes two 
free faces. Examples of burn or shatter cuts are given in Fig. 65. 

In tunnel and adit work in hard rock, sections range from 100 to 
200 sq. ft. in area, with an area per drill hole of 3.5 to 5 sq. ft.; sections 
ranging from 50 to 100 sq. ft. have an area per drill hole of 2.5 to 3.5 sq. ft. 
At the Stanislaus tunnel (California) (Fig. 66), with a section of 116 sq. ft. 
in granite, the ratio ranged from 2.8 to 3.2 sq. ft. area per drill hole; the 
Carlton tunnel, with an area of 105 sq. ft., gave a ratio of 3 sq. ft.; the 
Elton, 4.5 sq. ft. Small drifts of 30 to 50 sq. ft. require ratios of from 2.5 
to 3 sq. ft. per drill hole in hard rock, 4 to 5 sq. ft. in medium, and up to 
7 to 8 sq. ft. in easily broken rock. 
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Fie. 65.—Examples of burn-cut rounds. 


Cubic feet of rock broken per foot of drill hole is another interesting 
ratio. In hard rocks the ratio is from 2.1 to 2.5 for small drifts of 30 to 
60 sq. ft.; larger sections, 80 to 100 sq. ft., give a ratio of 5 to 8 in medium 
rocks per foot of drill hole. The Stanislaus gave a ratio of 2.16 to 2.43 cu. 
ft. per foot of drill hole in hard granite. 

In vertical work the round pattern is much the same as in horizontal. 
The V cut and double V cuts are principally used and the burn cut (Fig. 
65) is now more or less common. Figure 67 shows a double V-cut round, 
a sumping round, and a round for a shaft of circular section. Figure 68 
shows two round patterns, one taking advantage of a slip plane and the 
other a double V cut, both rounds being drilled by hand-held sinkers. 
The numbers used in the figure indicate the sequence of firing. Many 
shaft rounds are designed with a V cut at one end; a sump is maintained 
by alternately taking out one-half of the shaft section. In the burn cut 
all holes are vertical. An area in the center of the shaft is drilled with two 
rings of eight holes each, the inner ring being a foot in diameter and the 
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Methods.) 


Sump-cut Circular shaft 
Fig. 67.—Examples of shaft rounds. 
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_ outer 18 to 24 in., a large-diameter hole (3 to 4 in.) being also drilled in 
the center of the ring. All other holes are in parallel rows. The burn cut 
is favored for shafts of large section. Holes for a circular shaft section 
are drilled in rings about an eight-hole pyramidal-cut group in the center 
area, relievers being staggered with respect to the cut holes and an outer 
row of trimmers being drilled about 2.5 ft. apart and close to the periphery 
of the section. In raising, the V cut is placed at one end of the section 
above the waste-rock chute, the remaining holes in rows breaking succes- 
sively to the cut. 

Drill-hole ratios in shafts of large section range from 3.8 sq. ft. in 
hard rocks to 5.5 to 9.6 sq. ft. in medium rock; the ratio for smaller 
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Fig. 68.— Distribution of drill holes in shaft sinking. (Zrans. L.S.M.I.) 


Rd PESO Ss ae oe 
ig Blast 


sections in hard rock is 3.5 sq. ft. The cubic-foot ratio ranges from 2 to 4 
in hard rock up to 5 to 9 cu. ft. per foot of drill hole in medium rock. 
The ratio in raising is 2 to 4 sq. ft. in hard rock and 3 to 5 sq. ft. in medium 
rock; in small sections 16 to 40 sq. ft. in area the range is 2 to 3 sq. ft. and 
in large cross sections 5 to 6 sq. ft. per foot of drill hole. The cubic-foot 
ratio is 1.5 to 3 cu. ft. per foot of drill hole for small sections (16 to 54 sq. 
ft.), and 4 to 5.5 cu. ft. for sections 60 to 106 sq. ft. in area. 

In stoping (Fig. 69), the initial break is sometimes by V cut; the other 
holes are normal or slightly inclined to the breast or back and break to 
the cut. The area of stope face per drill hole is from 8 to 12 sq. ft. and 
the break 8 to 12 cu. ft. per foot of drill hole. Drill holes are from 6 to 
20 ft. deep; a common depth is 10 ft. Where long-hole drilling is prac- 
ticed or where the diamond drill is used, stoping-hole depths may go up 
to 20 to 70 ft. or more. Most stoping is geometrically similiar to bench 
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blasting but on a smaller scale. Sublevel stoping at Noranda (Candda) 
required holes 11 to 20 ft. in depth in sulphide ores, the burden 33.3 cu. ft. 
per foot of drill hole; diamond drilling in rhyolite stopes required holes 16 
to 65 ft. in depth with a burden of 52 cu. ft. per foot of drill hole. | 
The Burn Cut in Drifts and Crosscuts—For some 10 years the 
burn cut or shatter cut has attracted attention, but no extended studies of 
the principles involved appear to have been made. In some mines 
experimental rounds have been tried out and the most successful adopted. 
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Fria. 69.—Distribution of drill holes in stoping. 


The principal objective is an increase in the depth of round, as this means 
fewer setups, more efficient drilling, and usually faster progress. Another 
advantage is less throw of the broken rock and less dust. Some rounds 
are characterized by having all drill holes normal to the face, others by 
the combination of angled holes and normal holes. Usually the so-called 
“burn cut” consists of from five to eight holes, of which one or more are 
left open or not charged. At one time the cut was blasted first and then 
the remainder of the round was loaded and fired, but present. practice is 
to use delayed exploders and to fire all at one time. 
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The closely spaced cut holes break together and thus establish a 
substantial line of weakness to which the relievers may break. In many 
cases about half of the cut holes are drilled larger in diameter than the 
remainder. More holes and therefore a greater drill footage is required 
per round than in the ordinary drift round. The square footage of face 
per drill hole ranges from 1.66 to 2, and about 1.5 to 2 cu. ft. are 
broken per foot of drill hole. More explosive relative to volume is usually 
required. 

A. W. Jacobs and T. E. Newkirk, describing the use of the shatter cut 
at the McIntyre-Porcupine mine for 8- by 8-ft. headings, show in their 
charts that depth of round slightly exceeded 7 ft.; explosives (40 and 55 
per cent) approximated 12 lb. per ft. or 0.2 lb. per cu. ft. The number 
of holes per round varied from 28 to 31, the drill footage 215 to 238, the 
square feet of face per drill hole 2 to 2.3, and the cubic feet per drill hole 
1.9 to 2.1. The cut, a D round, consisted of six holes in a circle about a 
center hole, only two being charged and these with 55 per cent explosive; 
two 6-ft. relievers angled toward the cut holes were also charged with 
55 per cent; a pyramid of four holes charged with 55 per cent completed 
the central zone of the face; seven holes normal to the face occupied an 
intermediate position, and eight outer holes at corners and mid-points of 
the section completed the round. The combined four-hole diamond and 
short two-hole V round is called a combination burn. The average depth 
of all holes except V holes was 8 ft. 

The future development of the burn-cut idea might well be in the use 
of the broaching bit to break out a line of holes, either in a vertical or 
horizontal plane, to form a slot to which the outer holes in the round 
would break. Some of the intermediate holes could advantageously be 
angled toward the slot. 

Explosives Ratios.—The weight of explosive per cubic foot of rock 
broken is useful in computing blasting charges. Important considera- 
tions are the type of explosive and the degree of fragmentation desired. 
In open-pit and quarry operations, as well as in stoping, smaller explosive 
ratios are obtained as compared to those required in development work- 
ings and tunnel work. The greater the fragmentation, usually the 
greater becomes the explosive ratio. In addition, the spacing of the 
holes and the kind of explosive play a part. The energy of the explosive, 
its position, and the strength of the rock determine how thoroughly it 
will be broken up by a blast. 

Bowie gives an average of 0.0141 lb. per cu. ft., a maximum of 0.023, 
and a minimum of 0.0095 lb. required in gravel-bank breaking by coyote- 
hole blasting in hydraulic mining; banks were 50 to 150 ft. in height and 
Judson (5 per cent) granulated powder was used. Table 24 (after H. HH. 
Angst and R. A. Cochrane) gives the explosive ratios for machine- and 
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TaspLe 24.—Expiosive Ratios at THE NEw CoRNELIA OPEN PIT 
OO — 


Weight of rt ‘ 
Formation hardness porate Vas Explosive used ie ti 2 Tone aitro- “aap 

Vetyrsoftic. sinve. abe. 0.50 No. 4 Quarry 0.01850 | 0.00555 180 
SOP eer car terdty taco 0.625 |No. 1 Quarry 0.0231 0.01386 72 
IMigrohquiiN ho4 son's d coe 0.75 No. 1 Quarry 0.0280 | 0.0196 oi 

Medium-hard........ 0.875 |Ajo special grade | 0.0320 0.0128 77.2 
Han desatit as ele ae Se 1.00 40% special grade} 0.0370 0.0148 68 
Extra har depese acyl es O0 60% special grade} 0.0370 0.0222 45 
1.125 |60% special grade} 0.0463 0.0278 36 

Stanislaus tunnel..... ASS 40 and 60% 0.2800 0.1377 7.2 

9.64 40 and 60% 0.3570 0.1800 ya) 


Notzr.—Velocity ratings of the first six explosives are, in the order listed, 5085, 6234, 6234, 9500, 
12,467, and 15,420 ft. per sec. 


churn-drill hole blasting at the New Cornelia open-pit copper mine. The 
explosives given in the table are for dry conditions, but the same ratios 
were also used with explosives suitable for wet conditions. The ratios 
required in the Stanislaus tunnel are included for contrast. At other 
open-pit copper mines ratios range from 0.01 to 0.017 lb. per cu. ft. with 
with 60 to 65 per cent ammonia dynamite. At iron mines on the Mesabi 
the ratios are from 0.004 to 0.016 lb. per cu. ft. for ore when 25 to 60 per 
cent dynamite is used. In coal strip pits ratios are from 0.001 to 
0.01 lb. per cu. ft. in shales and limestones. Limestone quarries give 
0.013 to 0.022 lb. per cu. ft. with 40 to 50 per cent dynamite. 
Underground Explosives Ratios.—In Table 25 explosive ratios for 
development workings and tunnels are given. The foregoing examples 
give ratios toward the hard rocks. In shales and slates, explosive ratios 
are about one-half those suitable for the harder rocks. In contrast to 
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TaBLe 25.—Exp.Losives Requirep In Apit, Drirt, AND TUNNEL 


Area of Lb. “ed 
Example working, explosive Explosive, 
sq. ft. per cu. ft. nee 
@ontinentalétunn elven ton ce eee 148 0.318 
Carlton tunnels. cadence ee eR tcker aes 156 0.266 
SUENM EMD EMSS 630 Ooa5 es aGuecoasooteae 116 0.28-0.33 | 40 and 60 
Mine development, South Africa............ 81.9 0.22 50 
56 0.29 50 
DelawarevAqueductiney cen qe et ae 227 0.25 
Hollinger drifts, 814 oe. EE Lupe eater 60 0.218 50 
Drifts, various. eR cae tea ee 0 


Norr.—Tunnels are in granite or equivalent rocks; South African mine development is in quartzite; 
drifts are in moderately hard rock. 
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these figures, a coal-mine adit 8 by 11 ft. required only 0.03 lb. per cu. ft. 
of 50 per cent dynamite. It was undercut. 

A shaft in granite at the Newport mine (Michigan), 15 by 21 ft., 
burn-cut round, required 0.11 lb. per cu. ft. of 80 per cent gelatin dyna- 
mite. The King No. 3 shaft (Canada), 18 by 13 ft., required 0.177 lb. 
per cu. ft. of 40 per cent dynamite in feldspathic rock and 0.105 lb. per 
cu. ft. in serpentinized peritotite. In medium-hard rocks, 144 to 184 sq. 
ft. shaft sections required from 0.22 to 0.35 lb. per cu. ft. of 40 per cent 
gelatin; raises of 50 sq. ft. section required 0.33 lb. per cu. ft. of 40 per 
cent dynamite; a 24 sq. ft. section, 0.4 lb. per cu. ft. of 40 per cent 
dynamite. In softer rocks about half of these quantities would be © 
required. 

No very accurate examples can be given for stoping, as the conditions 
are so varied. However, Fig. 70 gives a consistent comparison of various 
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Fia. 70.—Tons broken per pound of explosive. Upper line of figures—pounds of explosive 
per cubic foot of rock broken. 
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kinds of mining work in relation to amounts of explosive used. The 
explosive was 40 per cent dynamite; the roek was hard. Physical 
characteristics of rock masses, width of stope, and method of mining 
influence the explosive ratio. Long ago, H. W.Seamon showed that 
deeper stope holes break more tonnage per shift, and in modern 
practice there is a marked tendency to increase the length of stope holes 
wherever possible. Hardness of rock and narrow stope widths usually 
increase explosive ratio. SSome examples are as follows: Gold mines in a 
single district gave for 4-ft. stopes 0.18 lb. per cu. ft. for 40 to 55 per cent 
dynamite; for 8-ft. stopes, 0.11; for 12-ft. stopes, 0.09; and for 15- to 65-ft. 
stopes, 0.05. At Noranda (Canada) stoping in heavy sulphides with 
long drifter-drill holes and 60-ft. stopes required 0.034 Ib. per cu. ft. of 
40 per cent dynamite; and in rhyolite ore bodies, diamond-drill holes in 
75-to 100-ft. stopes required 0.015 lb. per cu. ft. for primary breaking 
and 0.038 for secondary blasting, or a total of 0.053 lb. At Tennessee 
Copper, sulphide ore bodies required 0.041 lb. for primary and 0.021 for 
secondary, or a total of 0.062 lb. per cu. ft. At Mt. Isa (Australia) sub- 
level stoping required 0.074 lb. per cu. ft. of 40 to 60 per cent dynamite. 
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At United Verde (Arizona), massive sulphides required 0.07 lb. per cu. ft. 
of 50 per cent dynamite. The Mother Lode mines (California) use 
about 0.08 Ib. per cu. ft. of 30 to 40 per cent dynamite. Alaska Juneau 
uses 0.004 lb. per cu. ft. for primary and 0.024 for secondary blasting, a 
total of 0.028 Ib. per cu. ft., this low explosive ratio being due to partial 
caving in wide stopes. 

Coal Mining.—Shooting from the solid requires some 0.06 lb. per cu. 
ft. for black powder; undercut coal 0.01 to 0.013 Ib. per cu. ft. of black 
powder. Shooting from the solid is practiced only where undercutting, 
shearing, or top cutting is impracticable. Breaking coal is a different 
' problem from breaking ore or rock, as coal is sold as mine-run or is 
cleaned, sized, and sold in various sizes. Thus a large proportion of lump 
coal is the objective in blasting. 

Salt, Potash, and Phosphate Mining.—Room-and-pillar methods 
of mining salt indicate a burden of 12 to 20 cu. ft. per foot of drill hole, an 
explosive ratio of 0.02 to 0.06 lb. per cu. ft. of 25 to 35 per cent dynamite, 
and an undercut of 7 ft. Room dimensions or sizes of face vary in 
different mines; 10 by 50 ft. or larger will give an idea of a unit area. 
Face areas in potash mining in New Mexico are 10 by 20 ft., with an 
undercut of 8 ft., a burden of 7 cu. ft. per foot of drill hole, and an explo- 
sive ratio of 0.06 lb. per cu. ft of 25 per cent dynamite with 43 per cent 
used in the primer cartridge. Phosphate mining in Idaho required 
0.05 lb. per cu. ft. of 20 per cent dynamite; burden on drill hole was about 
5 cu. ft. per foot. . 

Long-hole Stoping.—Summations of practice in long blasthole stoping 
were made by O. V. Lindqvist. The following figures are taken from one 
of his tables: Vertical ring drilling, 41 holes aggregating 1,520 ft. broke 
2,200 tons, or 1.45 tons (17.4 cu. ft.) per ft., explosives 0.41 Ib. per ton. 
Horizontal parallel holes aggregating 13,865 ft. broke 24,470 tons or 1.77 
tons (21.2 cu. ft.) per ft., explosives 0.38 lb. per ton. At Noranda 153 
holes aggregating 5,842 ft. broke 22,538 tons or 3.86 tons per ft., with 
explosives 0.18 Ib. per ton. 

Sublevel stoping practice was greatly stimulated by Noranda’s 
successful application of long holes in breaking. The light diamond 
drill and the low-cost bort bits facilitated the drilling of deep blastholes 
and lowered their cost, thus giving still further impetus to use of such 
holes in breaking. Diamond-drill holes, horizontal, vertical, or ring- 
fanned, are now considered applicable not only in sublevel stoping but 
also in shrinkage stoping and pillar mining. 

Stoping Costs.—Breaking costs in stopes are influenced to some 
extent by the mining methods employed and by local conditions, espe- 
cially by the amount of timbering necessary. Most stoping costs are 
inclusive of items that preclude the segregation of the breaking cost. 
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The following figures illustrative of mining methods at United Verde are 
taken from a paper by J. B. Pullen: Remnant stopes 10.46 tons per man- 
shift, 0.44 lb. explosive per ton, 7.47 board ft. timber per ton; vertical 
pillar stopes 9.06 tons per man-shift, 0.35 lb. explosive per ton, 5.89 board 
ft. timber per ton; Mitchell-slice stopes 9.35 tons per man-shift, 0.52 lb. 
explosive per ton, 7.18 board ft. timber per ton; inclined cut-and-fill stopes 
11.87 tons per man-shift, 0.78 lb. explosive per ton, and 4.08 board ft. 
timber per ton. Only a fractional part of the labor is required for drill- 
ing, charging, and firing; the remainder is for moving the ore, filling, and 
timbering. 
Estimating Blasting Charges.—First consideration is given to the hard- 
ness and other physical characteristics of the average type of rock, ore, 
or mineral. A silicified rock is more difficult to blast than an unaltered 
rock; an altered rock is more easily broken than an unaltered one; a rock 
mass divided by joint, sheeting, or stratification planes is far weaker than 
one showing no structural discontinuities. The dimensions of the face 

and probable depth of the round are next considered; its cubic content is 
_ then estimated, the explosive ratio and the kind of explosive are selected, 
and the weight is calculated. The pattern of the round is designed with 
_ reference to drilling equipment and drill supports. The estimated weight 
of explosive divided by the number of drill holes will give the average 
charge per drill hole; cut holes and lifters are usually given larger charges 
than intermediate and peripheral holes. The grade of explosive, the 
cartridge size, whether a fuse or an electric detonator is to be used, and 
other blasting details are considered. In open-pit bench blasting and 
tight-face blasting, underground operators have a great store of experi- 
ence upon which to draw; most manufacturers of explosives have experi- 
enced men who advise upon the use of explosives in mining, and most 
operators who have perfected an efficient use of explosives in their mining 
have contributed their experience to mining literature. 

Ballistic tests are used for grading explosives on a percentage basis 
or rating by weight based on the standard of 100 per cent blasting gelatin. 
The ballistic effects of equal weights of the standard and the explosive 
are compared, the ratio being expressed in per cent. A 25 per cent 
dynamite is one that shows one-fourth the ballistic effect of a correspond- 
ing weight of blasting gelatin; a 50 per cent dynamite shows one-half the 
ballistic effect, and so on. The speed of detonation, which is as impor- 
tant as the grade, is supplied by the manufacturer for each grade of 
explosive. Detonating rates for various grades are given in Table 19, 
page 127. : 

For the strongest and most homogeneous rocks, 60 to 80 per cent 
gelatin or ammonia gelatin may be used; for the same rock types weakened 
by alteration or jointing or otherwise, a 40 to 50 per cent gelatin or 
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ammonia gelatin would be selected. For the general run of stoping in 
moderately strong quartzes and vein material a 40 per cent explosive is 
widely used; for softer vein material or for many industrail minerals a 20 
to 35 per cent grade may suffice. Sometimes better results are obtained 
by composite charges, such as a primer cartridge of 50 to 60 per cent 
gelatin or ammonia gelatin and the remainder of the charge 40 per cent. 
By varying the proportions of two such dynamites, fragmentation may be 
brought to the point desired. However, the stocking of too many 
grades of explosive may lead to confusion in their use. Many mines 
limit their stock of explosive to three grades. 
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Fra. 71.—Weight of explosive per round at various explosive ratios. 


Fragmentation is best achieved by more or less closely spaced drill 
holes and distribution of charges along much of the length of the hole, as 
well as by the selection of a grade of explosive and a rate of detonation 
that will shatter the rock to the desired extent. 

Simple charts like Fig. 71 can be constructed to show the weight 
of explosive or number of cartridges in relation to cubic feet. broken in 
various rounds for shaft, drift, raise, or stope work and for specific explo- 
sive ratios. It is sometimes of interest to figure equivalent weights of 
explosive on the basis of percentage strength relative to the standard. 
For example, 2!4 lb. of 40 per cent dynamite would be equivalent in 
ballistic effect to 1 Ib. of 100 per cent blasting gelatin. In comparing 
blasting practice it is necessary to compute comparative weights of 
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standard 100 per cent strength, thus reducing various grades to a common 
basis. 

Breaking Size.—There is a limit to which ore or rock pieces may be 
broken, above which it becomes impracticable to handle them without 
further reduction in size. In most underground stopes oversize pieces 
are blockholed and further blasted wherever possible. This also applies 
to open-pit operations, although there the restrictions with respect to size 
are usually fewer. In underground work, chutes, car sizes, and loaders 
impose a limit to the maximum size, which may be 11 to 18 in. in the 
smallest dimension. Grizzlies are interposed above chutes and transfers 
to stop oversize pieces and to afford a position for secondary blasting. 
In some kinds of mining, bulldozing chambers and grizzly drifts may be 
necessary to facilitate secondary blasting. 

Blasting practice is adjusted to avoid excessive oversize breaking 
as much as possible. In some mines rock breakers are installed under- 
ground so as to provide a product that may be more conveniently handled 
in skips and on conveyors. Except in those cases where ore breaks into 
small sizes, secondary breaking is always in some degree. 

In most open-pit operations dipper sizes establish the size limit, but 
in many operations careful study is made of blasting practice and suffi- 
cient fragmentation is obtained to reduce secondary blasting to very 
small proportions. 

Undercutting, Overcutting, and Shearing.—Coal and minerals of like 
hardness can be undercut by manual or mechanical methods, thus giving 
a second free face and an increase in blasting efficiency. Overcutting 
signifies the placing of the cut at the top of the section. Shearing 
signifies the making of a vertical cut at the sides of the section or at its 
mid-point. A face undercut and sheared at both ends presents four 
free faces and requires a much smaller weight of explosive for breaking 
than does the solid face. In some cases a horizontal cut is made at a 
. parting at a mid-point of the face, thus assisting in cleaning the coal and 
giving better conditions for blasting. 

Manual methods of undercutting have become obsolete, as has the 
compressed-air-driven pick machine and post puncher. The greatest 
use of modern undercutters is in coal mining. In 1938 the bituminous 
mining industry of the United States employed 1,145 track-mounted 
cutters, others 967, permissible 3,666, others 6,032, or a total of 11,810; 
the amount of coal produced annually per machine was 23,566 tons, the 
machine-cut product being 87.5 per cent of the total coal product. Like- 
wise there were in use 5,071 electric drills and 1,465 pneumatic drills, or a 
total of 6,536. Electrical operation predominates. In the industrial 
mineral field, salt, potash, phosphate, and clay beds are undercut as a 
preliminary to blasting wherever conditions permit. 


166 ELEMENTS OF MINING 


The undercutting machine (Fig. 72) consists of a cutter head; a chain 
carrying the cutters and operated by a sprocket drive, gears, and electric 
‘motor; a structural frame; and a pair of drums, one on each side, for 
the feed cables. Roof jacks provide anchorages for the feed cables. 
Either d-c or a-c motors are used. Undercutting machines are manu- 
factured and designed for several specialized services, as follows: The 
short-wall cutter used in rooms and entries; the longwall cutter, used in 
longwall mining; the top cutter and the track-mounted universal cutter, 
which can be used for bottom, top, center, and side cuts and angle shears. 
Short-wall cutters have the cutting bar in line with the machine; longwall 
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Fie. 72.—Short-wall coal cutter. (Sullivan Machinery Co.) 


cutters have the cutting bar at right angles to the frame of the machine. 
Figure 73 gives details of an adjustable top cutter. Cutters other than 
the track-mounted type slide or skid along the bottom. The maximum 
length of cutter bars is 9 ft. and the minimum 214 ft.; the thickness of the 
kerf or cut ranges from 214 to6 in. Short-wall cutters weigh from 6,500 
to 7,600 lb. and are powered with 50-hp. motors; the smallest cutter 
weighs 1,600 ib. and is powered with a 10-hp. motor; medium-weight 
machines weigh from 2,200 to 2,300 lb. and are powered with a 20-hp. 
motor. The track-mounted universal weighs 13 tons; its maximum cut- 
ting width with a 9-ft. bar is 40.75 ft.; cutting height above rail is 8.3 ft.; 
vertical shearing range above track is 10 ft. Cutter bars from 6 to 9 ft. 
can be equipped to cut 3-, 4-, and 5-in. kerfs; a 7-ft. cutter bar can be 
equipped to cut a 214-in. kerf. Sumping speed is 0 to 8 ft. per min.; 
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swing speed 0 to 50 ft. per min., and travel 0 to 4 m.p.h. Heavy short- 
wall cutters have variable cutting speeds of 18, 20, 26, 33, and 44 in. per 
min. and a hauling speed of 34 ft. per min. 

Cutters are served by a power cable which is handled by a self-pro- 
pelled power truck. Unmounted machines are transported from place 
to place by means of a truck of drop-front construction. Small machines 
have a bottom-cutting speed of 14 in. per min. and when inverted a top- 
cutting speed of 7 in. per min. __ 

; An undercutting cycle begins with the placing of the roof jack and 
the dragging of the machine from its truck to a position for the sump cut. 
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Fie. 73.—Over coal cutter. (Sullivan Machinery Co.) 


The roof jack is then moved and placed in position for the sumping cut, 
which is started at an angle to the face, the cutter being swung into a 
position normal to the face as it deepens the cut to its full depth. Next, 
the roof jack is moved and the cutter makes its running cut along the face 
of the room (Fig. 74). Finally the jack is placed so as to draw the cutter 
into loading position. 

The cycle for a universal consists of moving the cutter into the room, 
swinging the bar into sump-cutting position, cutting the sump, and 
continuing the cut as an arc to the other side of the room. As an example 
of speed, a sump cut of 9 ft. and a swing across a 16-ft. face and out require 
4 min.; shearing cuts of about 5 ft. require 3 min. This information was 
taken from the Sullivan catalogue. ' 

B. Y. Williams states that only 20 per cent of shift time is used in room 
cutting, the remainder being required for transferring equipment from 
room to room, unloading and loading, and setting roof jacks. In concen- 
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trated working, however, 33 per cent cutting time can be obtained. He 
gives an example of 400 ft. with a 614-ft. depth of undercut per 8-hr. shift 
in longwall coal mining. Power requirements are approximately 44 watt- 
hours per square foot of undercut. On the basis of coal undercut, power 
per ton would vary over a wide range, being dependent upon the thickness 
of the seam undercut. Dust produced in undercutting is allayed by a 
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Fie. 74.—Room-and-pillar mining with continuous coal cutter. (Sullivan Machinery Co.) 


stream of water delivered upon the cutting chain during the operation. 
Small cutters are equipped with a water tank and pump for this purpose. 
In potash mining, undercutting is at the rate of 6 in. per min., with 
9-ft. cutters and 8- to 814-ft. undercut. Short-wall cutters are used for 
this purpose. In salt mining 6- and 9-ft. cutters are used; the cutting rate 
is 6 in. per min. At the Retsof salt mines, 120 to 150 ft. (960 to 1,200 
sq. ft.) per shift is undercut. 
Miscellaneous Methods.—Tunneling machines and other mechanical 
excavators have been used but are now of historical interest only. Mis- 
cellaneous hand tools are in use to a limited extent. The pick, bar, 
gad, moil, and sledge have been superseded to a considerable extent by 
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pneumatic tools. The pneumatic pick finds application in shaft sinking 
for cleaning up the shaft bottom before mucking is completed; pneumatic 
mauls are used in place of hand sledges for reducing oversize pieces of ore. 

The pointed bar finds application in dislodging loose rock and scaling 
down working places after blasting. It is of use in all stoping operations, 
bench mining, glory-hole operations, and in development and exploration 
to test for loose rock and to make working places safe. A light alloy 
steel-shod rod is also in use. 

Breaking by caving methods has assumed great importance in the 
mining of massive ore bodies. Copper, iron, and molybdenum ores, 
asbestos, and limestone are won by this method in a number of mines. 
Preparation for caving involves the driving of narrow work by the usual 
methods of air drill, blasting, and scraper work. The undercut is drilled 
and blasted and gravity induces caving with accompanying rock breakage. 

The breaker pad, a fabric-reinforced rubber bag, promises important 
application in coal mining. Hydraulic pressure up to 500 lb. per sq. in. 
gives an over-all thrust of 75 tons. The pad is inserted into sawed slots, 
and the coal is brought down by pressure. 

Not much information is available about the results obtained by 
the use of breaking pads. In the preceding chapter the du Pont expansi- 
ble tube was mentioned as a substitute for explosives in coal mining. 
C. H. Lambur, Jr. (Coal Age, April, 1940), gives some results of this 
method of breaking in mining coal. A 7-ft. tube, consisting of a 1-in.-wall 
rubber tube enclosed in a braided mesh cover of high-tensile steel wire 
with suitable closures and connections for high-pressure hose, is expanded 
under hydraulic pressure from 4.75-in. up to 7.5-in. diameter or more. 
The pressure may reach 2,000 lb. per sq. in. The hydraulic medium is a 
special oil of low inflammability supplied by a self-propelled pumping 
unit. The tube is used in a 5%-in. diameter borehole. The coal face 
must be undercut, and shearing would be of advantage. Lambur states 
that a hydraulic unit at the New Monarch mine, Herrin, Ill., broke down 
sufficient coal for two loading machines, each averaging 300 to 320 tons 
per shift. This required breaking 10 faces in a 7-hr. shift. The war 
appears to have stopped further experimentation with these methods of 
breaking. 

Cost of Breaking.—The principal cost items in primary breaking are 
labor, power, explosives, supplies, drill sharpening, drill steel, supervision, 
maintenance and repair of drills and machines, depreciation of mechanical 
equipment, and a proper proportion of overhead expense. Secondary 
breaking involves much the same items but on a much smaller scale. In 
the case of undercutting there is some reduction in the amount of drilling 
and explosives required, but there is the cost of undercutting, which 
includes labor, power, supplies, and other items. 
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Open-pit breaking is lowest in cost; block-caving and caving are 
comparable in cost to open-pit but are usually higher; in ascending scale 
are large stopes, large rooms, large underground excavations such as 
hoist stations and pump rooms and greatest in cost are all narrow work- 
ings such as exploratory and development openings of various kinds. 
Hard rock costs more to break than softer kinds. Other things being 
equal, the greater the face area the more effective is the breaking and the 
lower its cost; an increase in bench height in open-pit mining may be 
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expected to give lower costs. In any given case research may result in 
the discovery of more advantageous adjustments in methods of drilling 
and the use of explosives. Figure 75 indicates the relative costs of 
breaking, but present-day costs are almost double those indicated. 

Another comparison of recent date of the influence of dimensions and 
method is afforded by some of the performance records at Copper Moun- 
tain, British Columbia (7'.P. 1914, A.J.M.E). The figures are given in the 
accompanying table. 
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Loading and transportation, vertical, horizontal, or both, are acces- 
sories to rock breaking, so that costs frequently include these items. The 
breaking problem is closely related to these succeeding operations, and 
all three must be coordinated for satisfactory results. These subjects are 
considered in the succeeding chapter. 

The following example of the cost of bench breaking is taken from 
Blasting Practice at New Cornelia (Ajo, Ariz.), by H. A. Angst and R. A. 
Cochrane. 


Type of material........... Monzo- Tons broken per ft. drilled. 43.9 
nite, hard Loading calculated, lb. per 
Number of holes..........: 51 GUA Oe, Be eee cee 2 0.7 
Average height of bench..... 59 Bottom charge, Ib......... 22,450 
Maximum depth of holes... 67 © Deck loadhilpeem meer ant: 6 ,850 
Total drill footage.......... 3,417 Costrotdnillinc-ea eens $3 , 229.28 
Borissbroken\. 2. ..asewe see 150,000 Cost ofiblasting ey. .-.40) 3,092.23 
Pounds explosive........... ‘29,300 Motalecostasane: eras eee $6 321.51 
Mons perspounds.e.4...-. <. 5.1 Cost per ton broken....... 0.0423 
Hole spacing, feet.......... is Primacord sedis: see or 4,500 ft. 
Distance from crest, ft. .... 12 Explosives per ton, lb..... 0.190 
Distance from toe, av. ft.... 19.5 


At the New Cornelia mine in 1939 the breaking of over 14,000,000 tons 
of hard and siliceous waste- and ore-rock formations gave 5.48 tons broken 
per pound of explosives; 0.4 ft. of Primacord and 0.08 ft. of fire fuse were 
required per pound of explosive; blasting caps approximated one per 28.7 
lb. of explosive; total explosives consumed 2,554,000 lb. C. E. Mills gives 
the cost per cubic yard of coyote-hole blasting at the United Verde 
open pit as development $0.083, explosives $0.082, labor, supplies, and 
miscellaneous $0.011; total $0.176 per cubic yard; average 1.151 lb. 
explosive per cubic yard, principally black powder. 

Notable large blasts have been made in both metal mines and quarries. 
At Climax (Colorado) an area 150 by 425 ft. by 250 ft. in height was 
undercut and blasted by means of coyote holes in which 14.9 tons of 50 
per cent, 13.1 tons of 60 per cent, and 27.1 tons of Gelex No. 2 were dis- 
tributed. Expectation was 850,000 tons and primary breaking 8 tons 
per pound of explosive. At Anyox (British Columbia) a 500,000-ton 
blast underground gave the following costs: 5,595 long holes $9,890; 
powder drifts, 398 ft., $2,718.34; loading, back filling, explosives, and 
hookup $18,104; a total of $30,712.34 or 6.13 cents per ton. 

Reports of development costs are usually difficult to analyze on the 
basis of breaking cost, but the following approximations may be of use: 
For hard-rock drifts 5 by 7, 20 cents per cu. ft.; for soft rock, 10 cents per 
cu. ft. At the Homestake mine 7- by 7-ft. drifts in hard rock cost 
0.18 cents per cu. ft.; pilot raises 6 by 6 ft., 38 cents per cu. ft. Stripping 
a 19.25- by 14-ft. shaft to pilot raise cost 8 cents per cu. ft.; the shaft 
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section cost 12.3 cents per cu. ft. At the south main Flin Flon shaft, 
the sinking of a 14- by 20-ft. shaft cost 12.2 cents per cu. ft.; a pilot | 
winze 7 by 10 ft. cost 30.6 cents per cu. ft.; a pilot raise 5 by 5 ft. cost 73 
cents per cu. ft., and enlarging the shaft section cost 10 cents per cu. ft. 

Breaking costs in stoping vary with the hardness of the rock, the 
width of the stope, and drill-hole depth. Narrow stopes, 2 to 4 ft. in 
width, may cost from 20 to 25 cents per cu. ft.; stopes 4 to 10 ft., 10 to 
15 cents per cu. ft.; wide stopes, 5 to 10 cents per cu. ft. Only breaking is 
included in the foregoing figures. 
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CHAPTER VII 
TRANSPORTATION AND HOISTING 


TRANSPORTATION 


The transportation of ore, waste, timber, men, and supplies on the 
surface and underground is one of the important problems arising in 
mining. The problem involves loading, unloading, and transference 
between two or more points. The points may be in the same horizontal 
plane, one above the other as in a shaft, or there may be more or less 
difference in elevation between the points, either in favor of the load 
or against it. The problem is complicated by the interspersing of level 
parts with grades and the necessity of using several different methods of 
transportation in bringing the ore from the face to the shipping point. 

Underground Transportation.—In most metal mines several transfers 
are required. From the stope face the ore is shoveled into chutes, from 
which it is drawn into cars on a given level and trammed to the shaft 
where either the car is loaded upon a cage or the ore is dumped into a shaft 
pocket, from which it is loaded into a skip and hoisted to the surface. In 
either case it is dumped into a bin from which it is transferred to a mill or 
stock pile or loaded into cars, trucks, or other vehicles to be transported 
to its destination. Each level of a mine may be equipped with a track, 
cars, and chutes. Hand tramming or mechanical haulage may be 
employed. In some mines the ore is dropped through inclined transfers 
to a main haulage level upon which ore trains are operated. 

In coal mines the coal is loaded at working places into cars by hand, 
mechanical loaders, or conveyors and then hauled to gathering points, 
where the cars are made up into trains. The trains are hauled to the 
surface by locomotives, or they may be hoisted up an incline. The cars 
are discharged at a tipple, from which the coal is conveyed to a prepara- 
tion plant or cleaning plant. The prepared product is loaded into rail- 
road cars for transportation to market. 

In both types of mines supplies are handled on return trips, and waste 
rock that cannot be utilized underground is hauled in cars and by-passed 
at the surface bins into waste-rock bins from which it is transferred to 
waste-rock dumps. 

In Fig. 76 the haulage service for a metal mine producing 300 tons 
per day is illustrated. The loading points, tons, and distances are indi- 
cated in the chart, Three levels are assumed to be producing ore, and 
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10 loading points are represented upon each level. The ton-miles or 
service required upon the levels is in the aggregate 37.8, and the shaft 
service 180,000 ft.-tons. The latter is equivalent to 1,704 ton-miles, the 
figure being obtained by assuming that 1 ft. of vertical distance is equiva- 
lent to 50 ft. of horizontal distance. The relative importance of level 
haulage and shaft service is brought out by the comparative figures. 
In most metal mines of small tonnage the ore transportation upon the 
levels is of small importance, so that simple methods such as hand tram- 
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Fic. 76.—Transportation in a metal mine. 


ming or horse haulage are more economical than methods requiring a more 
elaborate equipment. 

Coal mines differ from metal mines in that they usually have only one 
working level and the mine cars can be brought to the face and loaded. 
The cars are loaded by shoveling. The horizontal distances are much 
greater than those common in metal mines. In handling the coal, trans- 

fers from car to shaft pocket are avoided in order to reduce breakage to 

-@ minimum. This necessitates cage hoisting. All the cars must be 
taken from the faces, delivered to the shaft bottom, loaded upon the 
cages, hoisted, unloaded, and sent to the tipple where they are discharged. 
The tonnages handled are usually much in excess of metal-mine tonnages 
and range from 500 to 5,000 tons per day. 
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Haulage in coal mines is divided into “(gathering service,’ which 
comprises the removal of the cars from the working faces to a parting at 
or close to the point at which the side entries begin, and ‘“‘main haulage 


service.” In main haulage the trains of cars that are made up at the 


parting are hauled either directly to the tipple or else to the shaft bottom. 
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Fig. 77.—Transportation in a coal mine. 


The system usually met with involves gathering, main haulage service, 
and shaft service. Horse haulage or light locomotives are used for gath- 
ering service and locomotives for main haulage. 

In Fig. 77 the haulage service of a coal mine producing 1,500 tons per 
day is illustrated. The working places, distances, and tonnages are given. 
The aggregate ton-miles of service per day is 1,187. The importance of 
the haulage problem in a coal mine needs no further comment. 

The methods of underground ore movement are summarized as follows: 


NONMECHANICAL: REMARKS 
Chutes, vertical transfers, and troughs Limited to relatively short distances at 
inclined at such an angle as to pro- angles ranging from 35 deg. to vertical 
duce gravity flow in favor of ore movement 


Wheelbarrow, car and track, hand Limited to low grades and relatively short 
tramming, horse and mule haulage horizontal distances 
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MECHANICAL: REMARKS 
Scraper Limited to horizontal range and to angles 
below which gravity flow ceases 


Conveyors—belt, chain, and shaking Limited to short horizontal distances and 
pan to moderate angles 


Shuttle cars Limited to comparatively short distances 
and low angles 


Rope haulage and gravity planes Limited to low angles, but in the case of 
the gravity planes high angles may pre- 
vail; distances usually short 


Locomotive haulage Limited to grades of 2 to 4 per cent 
against the load, but distances may be 
very great relative to those of other 
methods 


Loading.—Cars or conveyors are loaded by hand shoveling, by chutes, 
conveyors, mechanical loaders, and shuttle cars. Development headings 
require greatest man power in shovel loading, least in chute loading. 
More or less hand shoveling will always accompany mining operations; 
but scrapers, conveyors, and mechanical loaders have relegated much 
hand shoveling to small initial exploratory and prospecting work. Chute 
loading and hand tramming of cars are old-time methods that still find a 
place in many metal mines and will continue to be important. Chute 
loading is usually the lowest in cost and is employed wherever possible. 
Where conveyors are used, as in some methods of coal mining, the con- 
veyor discharges into an elevating conveyor to obtain car height, or the 
discharge end of the conveyor is raised sufficiently to command car 
height. 

Chute Design.—Many designs of loading chutes are exemplified in 
mining practice (see Figs. 78, 79, and 80). For hand tramming, chute 
widths are 2 to 214 ft. and lip discharge above car height is 4 to 6 in. 
Controls range from several boards held by cleats to metal overcut arc 
gates. Cars of 20 cu. ft. capacity or less are loaded. Larger cars require 
greater chute widths to ensure rapid loading, the width being approxi- 
mately one-half the car length but limited to a maximum of 6 ft., clear- 
ance above the car being proportionately increased. Cars of 40 to 200 
cu. ft. capacity are loaded from chutes 3 to 6 ft. in width. The height of 
the chute opening is three-quarters or more at the width. Large chutes 
require quick-acting gates, preferably operated from a platform above 
car level and in front of the chute. Compressed-air cylinders are usually 
employed for operating the gates. Gates are overcut arc, undercut 
arc, undercut sliding, and hinged apron stops. For coarse ore, various 
designs of the finger-chute gate (wooden or metal bars or chains and 
attached balls) give excellent control. In many designs of large chutes 
an upper or check gate is also included. Where fines are in force, the 
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gate should be designed to prevent spillage. Slopes of chute bottoms are 
35 deg. Chute spacing ranges from a minimum of 25 ft. to 50 ft. up to 
various distances determined by the method of mining and the supple- 
mental ore movement by scrappers to transfers, which transfers become 
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the loading points. In large stopes where many chutes may be required 
the spacing is some multiple of the car length, so that loading may take 
place simultaneously at several points along the train length. 
Shoveling:—Shoveling and hand tramming are sequential operations 
usually performed by the same crew. Shoveling from a rock bottom is 
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Fra. 80.—Air-operated chute gate. (Sullivan mine, Kimberley, B. C.) 
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the worst arrangement; the best is from a board plat or iron sheet. For 
tramming distances of 300 to 700 ft. or more, the amount moved ranges 
from 1.52 to 1.79 tons per man-hour; for distances of 1,000 ft. the amount 
is 1.17 to 1.6 tons. In shoveling from a plat, the range is from 1.75 to 
2.1 tons per man-hour for distances up to 450 ft.; for 1,000 ft. a rate of 
1.75 tons per man-hour was given in one instance. For chute loading 
and tramming, rates were 10.3 tons for 150 ft., 4.21 tons per man-hour 
for 300 ft.; the average for 11 Michigan copper mines was 14.5 tons per 
man-shift over an average distance of 609 ft. G. Townsend Harley gives 
much detailed information about shoveling in Transactions of the 
A.I.M.E., vol. 61, p. 147. 

Scrapers.—The two-drum and three-drum hoists used for scraper 
work are available in numerous sizes, compressed-air or electrically 
operated, and ranging from 10 to 150 hp. Two speeds are sometimes 
provided, one for digging and a higher speed for dragging after the scraper 
has taken its load. Rope speeds range from 130 to 280 ft. per min. but 
on heavier installations have been increased to a maximum of 450 ft. 
per min. (pulling load) to 650 ft. per min. for the empty scraper (C. F. 
Jackson and J. H. Hedges). Power requirements range from 0.065 to 
0.5 kw.-hr. per ton for long, difficult drags. 

Most scraper designs are of the hoe type, with widths of 30, 36, 42, 
48, and up to 60 in. In the best designs the blade is curved and is pro- 
vided with a replaceable edge; the short and long harness gives over-all 
lengths of 52 and 72 in., respectively, and both are designed to give 
balance. Types are open hoe and a hoe with side plates, 18, 24, and up 
to 40 in. in length and of such depth as to leave the lower third of the 
blade exposed. Open-blade types are used on short hauls where there is 
a groove; side-plate scrapers are best in medium and long hauls and for 
slide loaders. Weight and balance are important. Open types weigh 
from 467 lb. (6 cu. ft.) to 676 Ib. (13 cu. ft.); the heaviest, long-harness 
types with 24-in. side plates, 36 cu. ft. capacity, weigh 1,402 lb. and 
require a 50-hp. unit for operation. Often additional weights are added 
to secure better balance and to get greater digging power. 

The scraper loader consists of a track-mounted slide, a tread-tractor 
slide, or a movable timber slide upon which the power unit is mounted 
and which delivers at car height. In each case the size of the scraper and 
car determines the design. 

The capacity of scrapers depends on the type of service, the dis- 
tance involved, the size of scraper, the bottom over which the material is 
to be moved, the rope speed, whether the material is coarse or fine, and 
the number of moves or adjustments required at a given working place. 
Greatest capacity is obtained in scraper drifts where ore is moved a 
maximum distance of 150 ft. with heavy scraper equipment to chute 


TRANSPORTATION AND HOISTING 181 


openings in amounts up to 500 tons per shift or more. A. J. McDermid 
gives some Miami scraper-loader rates in drifts as 15 to 25 cars loaded in 
2 hr. and moved 500 ft. to the switch. Four scraper loads, filling a car, 
required 3 min. C. W. Nicholson gives the following rates for flat stopes 
in the Tri-State district: Scraping to a hopper, 144 tons per shift, 
4% tons per man-shift; scraping with permanent ramp into cans, 190 tons 
per shift, 95 tons per man-shift; scraping with portable table ramp into 
cans, 182 tons per shift, 61 tons per man-shift; scraping with two semi- 
portable ramps into 2.5-ton cars, 123 tons per shift, 61 tons per man-shift; 
scraping to conveyor belts, 200 tons per shift, 100 tons per man-shift. 


Vic, 41.—Vertice) aretype loader, A—bucket at start of thrust; B—bucket loaded at 
end of thrust; C—bucket when caging loader; D—bucket in dumping position; E—car 
bumper; F—car coupler. (HH. M. Courtney, E.M.J.) 


Mechanical Loaders.—Most large-scale operations in metal, coal, 
and industrial minerals employ mechanical loaders. No one loader meets 
all mining conditions; hence loaders are more or less specialized. Two 
principal types are the mobile and the track-mounted. The mobile 
loader, a tread-tractor-mounted machine, is independent of tracks. The 
power shovel, used in salt, limestone, and open-stope lead and zinc mines, 
is a smaller and more specialized design than those used at the surface. 
Dippers range from 14-, 44-, and up to 1}4-cu. yd. capacity and electric 
power is almost universally used. The St. Joseph shovel is a low type, full 
revolving, weighing 13 tons; it has a 32-ft. sweep and a special dipper that 
discharges over a rear lip by turning upon side pivots. It was developed 
for the open flat stopes characteristic of some lead mines. The Keystone 
and Nordberg (Butler) loaders are also of special design for underground 
service. The Joy mobile loader was designed for mechanical loading in 
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coal mines but is also used in salt, potash, and limestone mining. It con- 
sists of two digging elements on either side of a flight conveyor that 
discharges into the mine car; its loading boom can be swung through an 
are of 90 deg. It is used for car, conveyor, and shuttle-car loading. 
Track-mounted loaders are the Conway, Eimco-Finlay, Sullivan, 
Gardner-Denver, and others of the dipper type, and the Goodman, 
Meyers-Whaley, Jeffrey, and similar types comprising digging elements 
in combination with flight or chain conveyors. The dipper-type loaders 
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Fic. 82.—Conway loader. (Goodman Manufacturing Co.) 


are designed for rock and ore and the others for coal and less abrasive 
materials. s 

Vertical arc-type dipper loaders (Fig. 81) are extensively used in metal 
and industrial mineral mining. They are operated by compressed-air 
engines. The Conway, a combination bucket and conveyor (belt) 
(Fig. 82), can be operated by a compressed-air engine or by electric 
motors. The coal loaders are all electrically operated. 

Vertical arc-type loaders are designed for drifts 7 to 10 ft. in width; 
the Conway shovels range from a minimum cleanup width of 6 ft. to a 
maximum of 20 ft. Top clearances vary with the size of the loader, 
manufacturers providing a range of sizes to meet varying operating 
conditions. The coal loaders (Fig. 83) range from conveyor loaders for 
a 30-in. seam, shuttle-car loaders for a 42-in. seam, and car loaders for 
seams 48 in. high and upwards. Where cars are to be loaded, loading 
height and car length are taken into consideration. The abrasive nature 
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of the material to be handled plays an important part in the selection 
of a loader as well as in the material from which its wearing parts are 
constructed. 

The capacity of loaders depends upon availability of cars and trans- 
portation facilities. In driving the Stanislaus tunnel (California), 
a Conway loader mucked out a round in 87 min., or at the rate of 4 
cu. yd. per min. As the number of rounds per day was 4.28, the loader 
was employed 372 min. per day. In the Carlton drain tunnel, an Eimco- 
Finlay loader averaged 4 min. per 3-cu. yd. car for loading and switching, 
or 34 cu. yd. per min.; mucking time required 11.1 to 18.4 min. per foot of 
tunnel, the cross section of the tunnel averaging 3.8 to 4.4 cu. yd. per 
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Fia. 83.—Track-mounted coal loader. (Goodman Manufacturing Co.) 


ft., place measure. Both of the foregoing tunnels were driven at maxi- 
mum speeds. In the Butte district, vertical are loaders are employed in 
development, and about half the stopes are silled for loading out by such 
loaders. H. M. Courtney gives average loading time of 1 min. for 34-ton 
cars, 214 min. for 2-ton cars, and 4 min. for 4-ton cars. 

In potash mining at Carlsbad (New Mexico), a Joy, type 11BU, 
averaged 83 cars or 433 tons per shift, loading out from large rooms. Ina 
Michigan salt mine, a 34-yd. dipper shovel loaded 200 cars or 600 tons in 
a 9-hr. shift. At the Retsof salt mine (New York), a 14-yd. loader aver- 
aged 350 tons per shift into 5-ton cars, about 0.5 kw.-hr. per ton loaded 
being required. Coal loaders average from 2 to 5 tons per min., depend- 
ing upon the size of the machine. Output per shift is determined by 

-mining conditions and haulage. 

Mechanical loading may be suitable in large-tonnage operations, but 
in small mines of the 100 to 300 tons per day class, mechanical loading is 
of questionable application except where horizontal development can be 
concentrated. In tonnage operations, haulage and hoisting operations 
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must be such that mechanical loaders can be kept busy. The largest 
field for mechanical loaders is in coal mining and in tunneling where time 
is of importance. Dimensions of mechanical loading machines are 
given in Table 26. 


TABLE 26.—MeEcHANICAL LOADING MACHINES 


Conway loader 20 20B 50 75 Dimension 
Operatinevheighiti 5. esse 70 82 131 131 In. 
Araximainganere hin eee ee 52 67 92 92 In. 

Abigyrovoonseyeed ( o¥egd oes Bee a ao ol os ei 24 21 29 29 Ft. 
IWiGIG US Sete eis oe es he Ae 138 8.5 12 15 Tons 
Mrack: tage cot. oak ey catense | oe 24 36 36 In. 
Motoreh pice: mare ena » 20 25 50 75 
hoadineJcapacihyne ye iwer see 22.5 25 45 75 Cu. ft. per min. 
Tramminesspeed hase ene 100 150 176 176 Ft. per min. 
IMGbARTTIUOTOY TENCE owe ce cee col! 1 13 20 20 Ft. 
Cleanupawidt hunt eece newer een 6 10 15 15 Ft. 
Dipperzeapacity. ria ae eee 4.5 5 9 1395.41.Cuc tt: 

Goodman | Meyers- Joy Joy - - 

Coal loaders 260 VC 7 BU 14 BU Dimension 
Tramming widthas cass... - 6 5.8 6 GI lair 
‘trammuingsherg Atle sce ose 54 44 43 34.4 | In. 
emg thn itis ces cae teeter 23.3 29 24.75 24.3 | Ft. 

Wiele bites eis. 2 snierey cee rn ge sie 13 9.3 8.3 7.8 | Tons 

Track gage, minimum........ 36 20) i Sates ate ne In. 

Maindrive motota....2)c..6) 00 D4 MAN Wee one 32.5 -| Hp. 

Cleanup sweep.............. 24 oA Aaa Ui ERD a SS yal OLS 

How mounted...............| Track | Track | Mobile | Mobile 

GaDaclby Byes riers rote ellen 3 2 5 Tons per min. 
Vertical-are loaders nvciehy, gin ficeey ee city asa pont ee oe 

in. in. in. sec, quired,in.} cu. ft. 

Hime om 2B in, ieee 4,000 | 30 70 76 6 72-83 5% 

imc oie saan roe 6,000 | 33 81 85 if 87-95 7 

SHUI as roy do Bos do ee 4,200 | 32.75 | 74-80 | 84 i 79-87 | 4 

Gardner-Denver........ 4,300 | 32 76.25 | 60-96 ie 76 4 


Mule Haulage.—Mule haulage is often advantageous in low tonnage 
and small operations. Both horses and mules were formerly considerably 
used in both metal and coal mining. More or less use is still made of 
this method in small coal mines and in nonmetallic mineral mining where 
quantities handled per day are about 200 tons or less. In Table 27, 
W. F. Boericke gives a good summary of mule-haulage data. 
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TaBLE 27.—MuLr HAvuLAGE UNDER VARYING CONDITIONS 


ee ae ei ek Da ew Nees dee ae 
No. 1 | No. 2 | No. 3 | No. 4 
Average tons per shift.......... 180.0 288.0 400.0 256.0 
Average distance trammed feet..| 1,450.0 2,613.0 2,000.0 1,483.0 
Number of mules.............. 4.0 9.0 6.0 2.0 
Ore tons per mule............. 45.0 32.0 66.0 128.0 
Miles traveled per mule........ 12.0 15.8 8.3 18.1 
Ton miles per mule............ 12.0 15.8 25.0 36.3 
Costsper:ton, cents... 20.5. uae. 7.9 10.9 5.4 2.8 
Cost per ton-mile, cents........ 30.0 22.4 14.2 10.1 


Belt Conveyors.—Sectional conveyors of trough, spool, and flat-belt 
types are of special design for underground service in coal mines. The 
head end of the conveyor, which contains the drive, is a unit, as is also the 
foot end. A telescopic section is placed next to the foot end to provide 
for belt tension, and two intermediate sections of graduated height to 
secure vertical discharge height adjoin the discharge end. Side con- 
struction is such as to prevent spillage. A detachable belt connector 
enables belt sections to be inserted to correspond to sections added to 
increase the length of the conveyor. Gathering conveyors are 26-, 30-, 
and 36-in. belt widths and of such lengths as to meet requirements. 
Room or entry driving conveyors are used in lengths up to 500 ft., belt 
widths 18-, 20-, and 24-in., with loop take-ups to provide belt storage for 
extension. Face conveyors are self-contained units, 16-in. belt and 11 ft. 
over-all length, equipped with 34-hp. motor drive, capacity about 25 tons 
per hr., total weight 660 lb. They are often used in tandem. 

Belt-conveyor speeds range from 100 to 400 ft. per min. Capacity 
involves belt width, speed, and the type of material to be transported. 
They may be operated on adverse slopes up to 18 to 22 deg. Shallow 
mines can sometimes be served by main conveyors that deliver from the 
principal axis of the development layout to the tipple at the surface. 

Relatively little use had been made of conveyors in deep metal mining. 
Probably the principal use is to take the discharge from an underground 
crusher station and to deliver it to skip-storage bins at a shaft station 
or to transfers serving a haulage level. Belt conveyors are sometimes 
installed in shallow mines and open pits that are served by underground 
workings, to deliver ore from loading points and transfers to main con- 
veyors that in turn deliver to surface bins. At the Spruce open pit 
(Minnesota) 4,500 ft. of belt conveyors, 3,000 ft. underground, elevate 
ore 387 ft. from the low point in the drifts beneath the pit to the shipping 
bins on the surface. The conveyor system operates at 500 ft. per min. 
and delivers 750 tons per hr. At the Sullivan mine, Kimberley, B. C., 
a 36-in. belt conveyor, in six sections totaling 2,538 ft., was installed 
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between the 3,350- and 3,900-ft. levels to convey ore from the lower level 
to the main haulage adit. 

Long-distance belt conveyors were installed by the H. C. Frick Coke 
Co. in 1924. <A belt system 414 miles in length and with a capacity 
of 1,250 tons per hr. was installed for delivering coal from underground 
workings. It consisted of 19 units from 321 to 2,439 ft. in length with 
belt widths from 48 to 60 in. and speeds from 350 to 500 ft. per min. A 
recent surface installation at the Shasta Dam (California) consists of 25 
units, aggregating 9.6 miles in length, capacity 1,100 tons per hr.; belt 
speed is 550 ft. per min. The system delivered from gravel pits some 
12,000,000 tons in 4 years. Cost is said to have been 17 cents per ton. 

Where relatively large tonnages must be delivered day by day over 
comparatively short distances and elevations are not too great, belt 
conveyors frequently offer advantages over locomotive and train trans- 
portation as well as over autotruck haulage. 

Chain Conveyors.—Chain conveyors consist of shallow sectionalized 
metal troughs 12, 15, and 20 in. in width in which a chain, with flights 
attached at intervals, is drawn, passing over a sprocket at the discharge 
end and returning in a pan beneath the trough. A compact head drive 
and a tension tail-sprocket section with intervening sections make up the 
conveyor. Chain speeds are 90 to 135 ft. per min. Capacity varies 
with the speed and with the type of material; a 15-in. chain conveyor 
(15-hp. motor) delivers 48 tons per hr. for a distance of 300 ft.; a 75-ton- 
per-hr. conveyor requires a 20-hp. motor for a length of 300 ft. 

Chain conveyors are used principally for coal and nonabrasive 
minerals. Short elevating conveyors of the chain type are used to 
receive the discharge from shaking conveyors for delivery to cars. The 
pit-car loader makes use of the chain-conveyor principle, and conveyors 
on some loaders are of the chain type. Chain conveyors can be shifted, 
taken apart, and moved, although not so conveniently as the shaking-pan 
conveyor. 

Shaker or Shaking-pan Conveyors.—The shaker-pan conveyor is a 
sectionalized metal trough supported at intervals by rollers; it is given a 
reciprocating motion by a motor-operated drive, one stroke being rapid 
and the corresponding return being slow, the result being to move the 
material in the trough in one direction. The stroke can be adjusted up 
to a length of 11 in., and the degree of acceleration may also be adjusted; 
the number of strokes ranges from 60 to 82 per min. and is adjustable 
to accord with the nature of the lump material to be moved. A 5-hp. 
motor is required for a No. 1 trough 200 ft. in length, a 714-hp. motor for 
a length of 300 ft. ‘The maximum conveyor length is from 300 to 500 ft. ; 
greater distances are handled by using conveyors in tandem. The con- 
veyor discharge end can be elevated so as to load cars or to deliver to a 
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belt conveyor. Chains attached to eyebolts in the roof of a working are 
sometimes used to support the trough; swivels and angle troughs enable 
changes in direction to be made, but straight runs are preferred. 

Conveyors are loaded by hand or by means of a duckbill attached at 
the head end. The duckbill is a scoop-shaped telescopic end attachment 
to the trough, taking its motion. It is swiveled at its attachment to the 
trough and can be swung upon an arc, being advanced and retracted by 
the operator. An automatic duckbill is available for thin seams, but 
for thick seams the feed is manually controlled. A smooth bottom seems 
to be necessary for its proper functioning. Thus the shaking conveyor 

_ with its duckbill attachment becomes a loading and transportation unit 
that can be lengthened by the introduction of additional sections as the 
face of a development opening is advanced. It is widely used in coal 
mining, especially in thin seams. 

The shaker conveyor is used to some extent in metal mines, in iron 
and copper mining, for short horizontal transfers from face to ore chute, 
or from finger raise to vertical transfer. It is also used in salt, gypsum, 
and potash mining. Its accessory, the duckbill, has not found applica- 
tion in metal mining, as floor surfaces are too rough and irregular. 
Highly abrasive ores are not suitable for the shaker conveyor; its field is 
the softer ores and some industrial minerals. It is not suitable for very 
wet and sticky ores. It can be used for moving material upgrade, but 
it is more generally used on downgrade movement. 

Shuttle Cars.—The shuttle car is a rubber-tired vehicle with low top 
and bottom clearances. The bottom of the car is provided with a 
flight-conveyor rig, independently driven, which advances the loaded 
material when loading and discharges it when unloading. In effect it is 
a short horizontal conveyor mounted upon an underslung truck. It is 
powered by storage battery, electric cable and reel, or by double trolley. 

| Travel speeds are 314 m.p.h. loaded and 5 m.p.h. empty; wheel gage 
is 68.75 in., over-all width 79.25 in., capacity 5 tons for a height of 42 in. 

| and 6 tons for a height of 48 in. A smaller unit has a height of 32 in. and 
a capacity of 2144 tons; another, 38 in. high, has a capacity of 3! tons. 
Capacities given are for coal. The unloaded weight of the 42-in. car with 
battery is 6.4 tons; that of the 32-in., 5.4 tons. 

Shuttle cars were originally designed for use with mechanical loaders 
to span the gap between face and main haulage or between face and main 
conveyor run in coal mining. By their use, room tracks can be dis- 

‘pensed with; their adoption originated the term ‘“‘trackless mine.” 

' Shuttle cars have also been used in mining zinc ore, potash; salt, gyp- 
sum, and limestone. Other designs than the end-discharge type have 

| appeared, notably a bottom-discharge type. Shuttle-car applications 
are. increasing. 
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L. E. Young gives an example of a tread-tractor loader serviced by 
two 7-ton shuttle cars in a potash mine. - The time to load a car was 50 
to 60 sec., to unload 60 sec.; total time to load 85 mine cars (467.5 tons) 
was 205 min.; average distance hauled in shuttle cars was 200 ft.; three 
working places were cleaned up, the shuttle cars loading into mine cars. 

Rope Haulage.—Endless-rope haulage comprises a two-track system 
with an endless rope operated by sheaves and motor drive at speeds 
ranging from 2 to 4 m.p.h. Loaded cars are hauled on one track and 
empties are returned upon the other, the cars being spaced at regular 
intervals. Attachment and detachment of the cars is effected automati- 
cally by rope grips. Endless rope haulage has been used for surface and 
underground transportation in both coal and metal mines and is still 
used to some extent, though seldom in American mines. 

Tail-rope haulage is single-track haulage in which a train of cars is 
hauled by a wire rope and a double drum hoist, the tail rope being 
attached to the end of the train and returning about a sheave at the end 
of the run; the train of empties is hauled by the tail rope on the back trip, 
the main haulage cable being attached to the rear of the train of empties 
and being pulled out to the far terminal. Rollers placed at intervals 
support the cables and reduce wear and friction. The tail rope, double 
the length of the main cable, is carried from its drum by sheaves at the 
side of the haulageway to the terminal sheave. Curves and undulating 
grades can be overcome. Speeds are from 6 to 10 m.p.h. 

The engine plane is an incline up which loaded cars are pulled by 
rope and hoist, the empty car being attached and lowered from the top 
of the plane. The gravity plane is a two-track incline of 20 to 30 per 
cent grade, served by a two-drum hoist. The descending loaded car 
lifts the empty on the incline, the hoist controlling the speed of lowering. 
In other designs of gravity planes, a single or double sheave equipped with 
heavy band brakes is placed at-the head of the gravity plane and is used 
to control operation. 

Rope haulage is used in both coal- and metal-mining operations but 
has been superseded by locomotive haulage to a large extent. The 
engine and gravity planes are necessary where grades exceed the limits 
for locomotive operation, but in modern mining they are avoided where- 
ever possible. 

Locomotive Haulage.—The electric locomotive of the trolley and 
storage-battery types dominates underground horizontal transportation 
in mines of 500 tons or more output per day. Many small mines never- 
theless make use of the storage-battery locomotive. Gaseous coal 
mines impose severe limitations upon the use of the electric locomotive, 
state laws prescribing conditions under which it may or may not be used. 
Other kinds of locomotives, such as the gasoline and diesel types, have 
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been used underground, but only where unusually favorable conditi’ns 
prevail and ventilation is sufficient to maintain a safe dilution of exhaust 
gases, which contain more or less carbon monoxide. Compressed-air 
locomotives have some advantages over other types in gaseous coal 
mines; steam-storage locomotives have also some application in short 
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Via. 83a.—Electric mine locomotives of trolley and storage-battery types. (Westinghouse 
Hlectric & Mfg. Co.) 


runs to surface terminals. Both diesel and gasoline locomotives are 
sometimes used in adit haulage where ventilation is good and state laws 
are not strict; they are also sometimes used in large-section tunnel con- 
struction. The rack-rail electric locomotive, once used where severe 
adverse grades prevailed, is now seldom seen. 

The electric locomotive is of compact design and low in height. The 
outside-frame type prevails. Motors are d-c and usually of 250 volts. 
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Locomotives range from 24 up to 20 tons in weight. The number of 
motors depends upon the size of the locomotive, ranging from a single 
20-hp. motor in a 244-ton locomotive to two or three 120-hp. motors 
in a 20-ton. Sizes range from 3 to 13 tons in metal mining; where larger 
locomotives are necessary two smaller locomotives are operated in tan- 
dem. In coal mines locomotives up to 20 and 40 tons are used in main 
haulages. Coal-mine gathering locomotives are of the cable-reel, stor- 
age-battery, combined trolley and storage-battery, crab (wire-rope haul), 
and combined crab and cable-reel types, ranging from 3 to 8 tons in 
weight. 

Storage-battery locomotives are of the same general design as the 
trolley type. The storage battery is in a flat steel box, usually equipped 
with rollers to facilitate removal to charging stands and placed upon the 
frame of the locomotive. Batteries are of the Edison and lead-plate 
types with over-all capacities up to 150 kw.-hr. Battery locomotives 
used in haulage are comparable in weight to trolley locomotives for 
similar service. Smaller battery locomotives are used in gathering 
service; permissible types are used in gaseous mines. The battery 
locomotive is favored in metal mines for transportation upon other than 
main haulage levels, where the trolley type is generally used. A small 
storage-battery ‘‘trammer”’ finds widespread use in exploration and 
development workings in metal mining. Its specifications are as follows: 


Weight 3,000 lb., minimum length 47.5 in., maximum length 71 in., . 


wheel base 24 in., height 41.5 to 52.75 in., speed’3 m.p.h. loaded and 
6 m.p.h. light, battery 8.1 to 13.5 kw.-hr., and track gage 18 to 24 in. 
Storage-battery locomotives do not require bonded rails, but charging 
stations consisting of motor generators, charging panels, and charging 
stands are necessary accessories. In place of motor generators, ignitron 
rectifiers are coming into greater use for battery-charging stations and for 
supplying direct current for trolley-wire circuits. 
Drawbar pull is 25 per cent of locomotive weight for steel-tired wheels 
and 20 per cent for chilled cast-iron wheels; on dry sanded rails drawbar 
pull increases to 40 per cent of weight. Capacity of locomotives is 
estimated by taking a factor of 30 lb. per ton for level track and an addi- 
tional 20 Ib. per ton for each 1 per cent of grade. The speed of haulage 
locomotives is 8 m.p.h., of gathering locomotives 6 m.p.h.; on long hauls 
and heavy service, locomotives are designed for 10- to 12-m.p.h. speeds. 
Electric locomotives are equipped with bumpers having pockets for 
drawbar connections corresponding to the height of the car hitchings and 
bumpers, guard lugs being also provided to prevent car bumpers from 
climbing. Headlights and horn signals are part of the equipment. Con- 
trols are of the drum type; large locomotives have full or semimagneti:z 
control; where two locomotives are used in tandem, a single control for 
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both units is provided. ‘Trolleys are offset on one side of the locomotive; 
sometimes pantograph instead of pole types are used. Hand brakes are 
provided. Westinghouse supplies a hydraulic brake equipment with 
separate motor drive, oil pump, and accumulator. 

Layout of Haulage System.—Wherever possible, main shafts, adits, 
and main entries (coal mines) are so placed as to symmetrically divide 
the area to be exploited. This general plan reduces transportation 
distances. Level development in a deep mine also stems out from either 
side of crosscuts that connect to the centrally placed shaft. Traffic 
zones are to either the left or the right of the main traffic stem. A flat 
coal seam is divided at intervals by cross entries to the right and left 
of main entries, and panel entries stem from the cross entries at intervals 
and are parallel with the main entry. A pitch seam is opened by a slope 
of two or more main entries upon the dip; cross entries are at right angles 
and follow the strike of the bed. Deposits of salt, potash, phosphate, 
and borax and massive ore deposits also admit of development symmetri- 
cally planned to minimize haulage distances. It is not always possible 
to develop a mineral area on this basis, as ore bodies may be erratically 
distributed and their dimensions and position may not be accurately 
known in advance of planning. 

The cross section of development workings, car and locomotive sizes, 
the number of cars to the train, power supply and trolley lines, tracks, 
grades, switches, turnouts, passings, train control, and signal arrange- 
ments are details requiring consideration. Chute and mechanical loading 
involve chute spacing and clearances of various kinds. Main haulage 
levels are planned for longer periods of operation than working levels. 
The position and design of vertical transfers connecting working and 
main haulage levels require special consideration. Most important of all 
are the total daily tonnage to be handled and its position of origin rela- 
tive to adit, entry, slope, or shaft, both horizontally and vertically. 

Levels and crosscuts are constructed wherever possible with grades 
favoring loads, 0.75 per cent for hand tramming and 0.5 per cent for 
mechanical haulage. Adits are also planned with grades favoring loads. 
Where adverse grades are necessary they are kept as low as possible. 
Grades as high as 5 per cent can be serviced by electric locomotive, but 
main haulage grades should not exceed a 2 per cent adverse grade. Good 
engineering of grade layout in mine development reduces locomotive 
sizes and increases haulage efficiency. 

Track gages range from 18 to 30 in. in metal mines. Butte, United 
Verde, Homestake, and many other mining districts employ the 18-in. 
gage; in others the 24-in. gage is standard; industrial minerals and coal 
mining employ wider gages, 30 in. and upwards. In southeast Missouri, 
the St. Joseph company uses 24-in. gage throughout its mines with but 
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one exception, where a 30-in. gage is employed; average length of haul is 
about 2 miles and daily tonnage 22,000. Salt and potash mines use gages 
of from 36 to 42 in. 

In prospecting and small-scale mining, where hand tramming pre- 
vails, rails as light as 12 lb. per yd. are common, but 16-lb. rails are 
generally used for hand tramming and mule haulage. Light locomotives 
require 25-lb. rails; heavier locomotives, 30-, 35-, 40-, 45-, and 50-lb. 
rails. For large tonnages and heavy locomotives 60- to 70-lb. rails are 
employed. Locomotive weight rather than car size determines rail 
weight. The St. Joseph Lead Co. uses 60- or 70-lb. rails with No. 5 
welded frogs for main lines (15-ton trolley locomotive) and 30-lb. rails 
with No. 3% frogs for headings (N. A. Stockett). 

Wooden ties are in general use. On some main haulages creosoted 
and treated ties with tie plates are employed. Steel ties have many 
advantages but are not used extensively. Main-line haulage tracks are 
carefully graded, aligned, and ballasted where high efficiency and long 
service are required. Table 28 gives details of a number of metal-mine 
haulage installations. 


TaBLe 28.—METAL-MINE HAULAGE 


i 
Bunker Consoli- : 

Mine teat el Phoenix {itis to Taspire: Mascot 
Car weight empty, lb.....| 2,900 | 11,970 | 5,500 | 3,450] 4,000] 3,000 
Car weight loaded, lb..... 10,100 | 23,970 | 18,300 | 11,450 | 14,000 7,000 
Carsiny trainee seme LS sea OS 30 kee 20-25 8-12 
Train-load weight, tons... 90 |48, 60, 96} 274.5 100 |140-175 28-42 
rackygapey leet 24 30 36 18 30 24 
Minimum curve, ft....... 25 25 75 21 60 50 
Maximum grade, per cent. 0-33 |.- 1 0.8 1 1 el (2713) 
Average grade, per cent... 0.25 0.5 0.5 0.25 0.4 0.5 
Locomotive weight, tons. . LA (eo pO PG etal 2 eens, 8, 10 6 
Distance tm aeeen | LOROOO 00s | ane 10,000 | 4,300 2,240 
Distance, maximum, ft...] ....., 5,800 8,000 
Round-trip time, min..... 60 12-20 PAT Ns ote 40 20 
Size opening, ft.......... 8by 8 | 8 by 8, | 7 by 9, | 644 by 5) 8 by 6 | 7 by 7, 

8by 9 | 9by 9 8by 8 

IDEN MS oo tae vod Saou F 1,400 3,000 5,500 1,000 
Journals, type............] Outside | Inside | Inside | Inside | Outside | Outside 
Height above rail, in..... 49 69 54.5 50.5 58 39.5 
Coupling eeatenenreeeae Pin-link | M.C.B. | M.C.B. | M.C.B. | M.C.B. | Pin-link 


Minimum radius of curves, measured to outside rail, is controlled by 
the wheel base of locomotive or car, usually the former. Car length and 


TRANSPORTATION AND HOISTING 193 


width, coupling space, and width of haulageway as well as clearances are 
taken into consideration in selecting the minimum curve radius. In 
hand-tramming drifts, slick sheets and turntables may be installed, but 
curves of 10- to 12-ft. radius are preferred to these devices, at one time 
quite common. 

Trolley-locomotive haulage requires rail bonding and cross bonding 
at intervals. Electric welding of rails on main haulages is also practiced 
where underground temperatures are more or less constant. Trolley 
wires are installed at a minimum height of 7 to 7.5 ft. above the rail, 
either above the track center or at one side of the haulageway. As all 
trolley wires are a hazard, they are boxed at all dangerous points. Wheel 
trolleys have been displaced by glider contacts, a graphite lubricant being 
applied to the trolley wire at intervals by a special trolley pole mounted 
upon the locomotive. 

Most main haulages are single track, so that passing tracks and a 
signal system are necessary where two or more trains are operated. 
Signal systems range from block circuits with red and green lights, con- 
trolled by manually operated switches, to an automatic block system. 
Partings or passing tracks are placed on main haulage lines at main 
terminals and where distances are over several thousand feet at one or 
more points. The number of trains operating, their speed, tonnage to be 
handled, and loading and dumping time are all taken into consideration 
in arranging train schedules. At shaft stations track layouts are either a 
simple tail track or a run-around, the loaded cars being dumped into 
shaft bins without uncoupling; a double track with crossover where cars 
are loaded upon cages; or double tracks on both sides of the shaft with 
loaded cars approaching from one side and empties being discharged on 
the other. Here grades, kickbacks, and car hauls are provided for 
returning the cars to a siding, where the train of empties is made up for 
return to the workings. 

In coal mines, partings are located close to centers of production and 
are usually at more or less standard distances, 800 to 1,200 ft. for mule 
haulage and 800 to 2,000 ft. for locomotive haulage. In metal mines, 
parting tracks are unimportant except at shaft stations. In unused 
development workings or drift extensions, storage for empty cars is 
provided by spur tracks. 

Track and switch accessories are standardized in a given mine. A 
complete switch consists of switch points, frog, connecting rods, slide 
plates, ground lever, and guardrails. Switches are either the simple 
throw switch of the ground type or a switch stand with points and frog 
standardized. Frog number varies with the angle of the frog, equaling 
the over-all length of the frog divided by the sum of the spreads at the 
heel and toe of the frog. 
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Fig. 84.—Types of mine cars. (A) End and side-dumping car; (B) rocker side-dumping 
ear; (C) gable-end side-dumping car. 
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Cars.—The restricted cross section of development workings limits 
ore cars to relatively small sizes. The rough handling that such cars 
receive necessitates good design, good materials, and relatively heavy 
construction. Metal-mine practice requires at least three car sizes: A 
small car, 14 to 16 cu. ft.;an intermediate size, 20 to 25 cu. ft. ;and a large 
size, 40 to 200 cu. ft. The small car is used in exploration, praltgnhary 
development, and small-scale mining, the intermediate size in develop- 
ment and mining on secondary levels, and the large car on haulage levels 
and adits. Many car designs are in use, some of them specialized for 
the kind of mining or for unusual mining conditions. Common types 
(Figs. 84 and 85) are the end dump, or end and side dump, the doorless 
or box type, the rocker or side dump, the gable-bottom side dump, the 


k-30’track gage» 
End Elevation Half Elevation Half Section 


Fie. 85.—Granby-type mine car. (A. A. Hubbell, Eng. Min. Jour.) 


Granby side dump, and the bottom dump. Special-purpose cars, such as 
the drill-steel car, timber, explosives and man cars, are part of the mine 
equipment and are designed to meet the special conditions of individual 
mines. Cage dimensions determine dimensions of all mine cars where 
shafts are used. 

Car trucks have four wheels, but some of the larger cars are supported 
on two four-wheel trucks. Wheel diameters range from 12 to 16 in., and 
wheel gages are from 14 to 34 in. less than track gages. On most small 
cars wheels turn upon the axles, but on the larger cars they are integral 
with the axles. Roller bearings with grease reservoirs—Hyatt, Timken, 
and others—are generally used. Plain bearings give a resistance of 
approximately 30 lb. per ton of weight; roller bearings, from 12 to 15 lb. 
Bearing design and provision for lubrication are important factors. 
Bearings on large cars are either between or outside the wheels. Wheel 
bases range from a minimum of 16 in. for small cars up to 4 ft. or more 
for the large cars; a long wheel base gives better stability but requires a 
greater radius of track curvature; a short wheel base enables cars to be 
more readily maneuvered on slick sheets and in hand tramming. 

Small ‘ars are sometimes handled in trains, link-and-pin or hook 
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couplings being used; large cars are provided with drawheads, bumpers, 
and link-and-pin couplings; main haulage cars are provided with spring 
drawheads, M.C.B. couplings, automatic couplings, or link and pin. 
The link and pin is now being generally displaced by the M.C. B. and 
automatic types. 

Most mine cars are springless, but larger cars are now designed with 
outside journal boxes and springs. Brakes are provided on cars used 
where track grades are greater than normal. In a few large installations 
cars are equipped with air brakes. Car bodies are of steel except in some 
coal mines where both steel and wood are used. Steel cars are often 
designed with a composite bottom, a steel wearing plate on a 2-in. plank 
bottom where the impact of large pieces of heavy ore must be compen- 
sated. Cars and car fittings are both standardized for metal, coal, and 
mineral mines. 

The cross section of mine workings, track curvatures, allowable 
clearances, and chute-lip heights determine the height and width of cars, 
the desired capacity being obtained by increasing the length of the car 
body. Small mine cars of 16 cu. ft. have box dimensions of 2 by 2 by 4 ft. 
and above-rail height of 42 in.; end-dump cars of 25 cu. ft. capacity are 
32 by 28 by 48 in. and 46 in. above rail. They are used in drifts of 5 by 
7ft. Haulage cars vary greatly indimensions. At Park-Utaha68-cu. ft. 
car weighing 3,450 lb. has a width of 3 ft., an over-all length of 12 ft. 
between coupling centers, and a height of 50.5 in. It is used in an adit 
5 ft. in width by 6.5 ft. high, on 18-in. gage, 40-lb. rails, minimum radius 
21 ft. At the Phoenix mine (British Columbia), a Granby-type car, 
130 cu. ft. capacity, has an over-all width of about 6 ft., a height of 69 in., 
and a length of 12 ft. 714 in. between coupling centers. It is used in an 
8- by 8-ft. and 8- by 9-ft. haulageway of 30-in. track gage, minimum 
radius 25 to 40 ft. The Bunker Hill and Sullivan (Idaho) bottom-dump 
haulage car, 40 cu. ft. capacity, has an outside width of 44.5 in., an over- 
all length of about 7 ft., and a height of 49 in. It is used in an 8- by 
8-ft. haulageway of 24-in. track gage with minimum radius of 25 ft. 

Dumping accessories are seldom required except with Granby and 
box-type cars. Granby cars are tipped automatically by a roller engag- 
ing a track on the opposite side of the dump, which affords a smooth 
curve from the point of roller contact to the highest level of lift and return 
to contact level. Usually some kind of limit guard is required to prevent 
cars from tipping too far. At the Carlton tunnel (Colorado) a3-cu. yd. car 
of the Granby type was designed with a retractable roller. Doorless cars 
require a motor or compressed-air-cylinder-operated revolving tipple for 
dumping. The tipple is a cylindrical cage that rotates on rollers and is of 
sufficient length to accommodate one or more cars. It is designed to 
meet mine and car conditions and is standardized. Usually cars are 
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uncoupled for dumping, but some tipple designs provide for the 
dumping of coupled cars (swivel couplings) and for the passage of the 
haulage locomotive. Dumping horns are used at dumps for handling 
end-dump cars. Large side-dump cars require compressed-air cylinders, 
either suspended above or installed at one side and below the car body, 
to assist in tilting this car body. 

The doorless car has so many advantages that at one time it seemed 
to be the solution to most haulage problems, but present trends are away 
from the tipple dump and to door types of cars. The Granby car has 
steadily grown in favor, as it enables trains to be handled at fair speed 
without uncoupling. Sticky ores present a problem, and provision must 
sometimes be made for barring and hammering car bodies to dislodge 
corner and bottom accretions. Some cars are designed with rounded 
corners and spreading sides, which favor the discharge of sticky ores. 

Weights per cubic foot of capacity depend upon car design and thick- 
ness of steel plates. They range from 31 to 68 lb. for end-dump cars; 
40 to 100 lb. for doorless cars; 50 to 85 lb. for rocker cars; 45 to 80 lb. 
for gable-end cars; 65 to 120 lb. for Granby cars, and 50 to 73 lb. for 
bottom-dump cars. 


TABLE 29.—PERFORMANCE AND Costs oF LOADING BY SCRAPER LOADERS AT HAGLE 
; PICHER 
GS. S. Clarke) 


Sheet, 


Sheet ground raaoeagl 1b M bed 
[LAVOE ee 9 coke ce, BRM e es en eRe nee eae ene $0. 156 $0. 097 $0. 217 
Repairs ANG IM aiINLeNANCes eee) ee aes deine.) te 0.065 0.060 0.092 
TON GTRN bd digesta SS le eRaTee cet a ta eee es ea 0.014 0.026 0.015 
PSU al ya GUT al CCMm nies ater tote a eta cr ayitc gs cs 0.001 0.001 0.002 


BLO Ceilenmmererc re bite isms hess Aiate is any aates ode aces Ghoutis) « $0. 236 $0. 184 $0. 326 


Norr.—Loading into cans, 158 tons daily average; into 1}9-ton cars, 116 tons; into trucks, 142 tons. 

L and M refer to different mines; air-shovel operating costs ranged from $0.224 to $0.309 per ton. 
Cost of Underground Transportation.—Hand-shovel loading and 
hand tramming for an average distance of 609 ft. gave an average cost of 
22.8 cents per ton in Michigan copper mines; chute loading and hand 
tramming for distances 100 to 1,000 ft. gave costs ranging from 4 to 20 
cents per ton. Animal transportation in various mines gave the follow- 
ing average: Length of haul 1,625 ft., ton-miles per mule-shift 19.8, cost 
per ton 7.2 cents, and 27 cents per ton-mile. Trolley-locomotive haulage 
for distances up to 1 mile cost approximately 5 to 8 cents per’ ton-mile; 
up to 2 miles 5.3 to 5.7 cents per ton-mile; and for more than 3 miles, 1 to 
3.4 cents per ton-mile. The foregoing figures are condensed from data 
gathered by M. J. Elsing. Some costs for scraper-loader operations are 
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given by S. S. Clarke and are presented in Table 29. Haulage costs in 
coal mining vary over such a wide range that no adequate presentatidn 
can be made here. 

Transportation costs include loading, tramming, dumping, and idle 
time. Chutes should be designed for fast loading. Tramming time is a 
function of distance and speed. Speed is important where distances and 
tonnages are large. Dumping facilities should be such as to secure 
minimum delays. Switching facilities should be adequate. Less equip- 
ment or a greater tonnage with a given equipment, as well as lower unit 
costs, may be obtained by more efficient use of time and labor. 

Surface Transportation.—Delivery to stock pile, mill, or treatment 

plant, to shipping point from adit, shaft, entry, or slope requires some 
form of surface transportation. In small-tonnage operations a variety 
of surface methods may be employed, but in large-tonnage operations 
railroad transportation is brought as close to the mine outlets as possible. 
The plan for the exploitation of a large mineral property includes pro- 
vision for a low-operating-cost transportation link between mine and 
railroad transportation. Where treatment plants are more advanta- 
geously located at distant points, the connecting transportation link is 
carefully planned for minimum operating cost. Wherever possible such 
plants are located close to mine or pit outlets so as to keep transportation 
costs ata minimum. Adverse grades are avoided, and grades against the 
return of empties are kept to a minimum. Distance, elevation, tonnage 
per day, type of ore or mineral, and intervening topography are all 
considered. 
_ The simplest case that arises is the delivery of ore to a stock pile. 
Assuming a shaft, skips dump into hoppers from which cars are loaded. 
A track system connects with trestles, temporary or permanent, over 
the stock-pile area. Small tonnages per day are handled by hand tram- 
ming; large tonnages, 500 tons or more, are handled by gravity tramming 
with rope pullback and end- dump or side-dump cars; grades are 2.5 to 
2.75 per cent in favor of loads; speeds are 450 to 500 ft. Da min. and 
pullback speeds 500 to 550 ft. per min. 

Larry cars are also used to deliver ore from skip bins to stock piles or 
to railroad cars. Another simple arrangement is from skip to receiving 
bin to rock crusher, which discharges into another bin from which the ore 
is transported by car, conveyor, train, truck, or wire-rope tramway to the 
treatment plant. Up to 100 tons per day is handled by a single 2-ton car 
hauled by a mule or small gasoline locomotive; distances seldom exceed 
500 to 1,000 ft., and mill position is such that an 0.5 per cent grade is in 
favor of load. For tonnages of 200 to 500 per day, a belt conveyor 
connects the crusher station to the mill bin. Where greater distances 
intervene, small tonnages are transported by autotruck, and large ton- 
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nages, 5,000 or more, by locomotive and train where topography is 
favorable for track location. Where track construction involves exces- 
sive cost, road construction and truck haulage can often be substituted. 

Where topography makes road construction costly, the wire-rope 
tramway often becomes the connecting link. Difference in elevation 
and intervening topography determine road, track, and tramway 
installation costs. Roads cost from $3,000 to $15,000 per mile; track 
$5,000 to $20,000, and tramways $30,000 to $65,000 per mile. To over- 
come 1,000 ft. of elevation would require about 10 miles of track at a 2 
per cent grade, about 4 miles of road on a 5 per cent grade, and 1 mile of 
tramway on a 20 per cent grade. The wire-rope tramway can cope with 
more difficult topography than the road or track system. Maximum 
track grades are limited to about 4 per cent, road grades from 6 to 8 per 
cent, and tramways to about 30 per cent. 

Wire-rope tramways consist of track cables supported by towers over 
which buckets are drawn by a moving cable at speeds of 350 to 500 ft. 
per min., one cable supporting the loaded buckets and the other the 
returning empties. Buckets are loaded from chutes by hand and auto- 
matically dumped at the receiving terminal. Tramway lengths range 
from 1,000 ft. up to 5 miles or more; capacities are from 100 to 2,000 
tons per day; operating costs are 20.6 cents per ton-mile for a 1-mile 
length and 100 tons per day; 9.5 cents per ton-mile for 100 tons per day 
and 5-mile length; 3.7 cents per ton-mile for 2,000 tons per day and 1-mile 
length, and 1.5 cents per ton-mile for 2,000 tons per day and 5-mile 
length (F. C. Carstarphen). Differences in elevation determine whether 
power will be required for the operation of the tramway or whether a 
steep gradient in favor of loads requires special methods for speed control. 

The jig back is a short two-bucket tramway used where elevation with 
respect to distance is relatively great and is sufficient for the loaded 
bucket to pull up the empty one. A grip pulley is used for the control of 
speed in lowering. Its capacity is small and can be increased only by 
increasing the size of the buckets. Though rarely employed, it is some- 
times very useful where the head of a road is near but far below the mine 
opening. 

The combination of autotruck and road is an elastic system, in that 
capacity can be increased by increasing the number of trucks. Roads 
where autotrucks are to be used for the movement of large tonnages over 
a considerable period are carefully engineered with grades, tangents, 
widths, curves, and surfaces well within the limits of the equipment to be 
operated. Low maintenance and operating costs are obtained by smooth 
road surfaces well kept up. 

Truck transportation is growing in favor in mining districts and 
competes with all other forms of transportation except where tonnages 
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exceed 5,000 tons per day or more and distances are great. It is best 
applied to short hauls and small to moderate tonnages. In open-pit 
operation, road and truck transportation are displacing locomotive and 
track systems more and more, in both stripping and mineral mining. 

Truck sizes for small tonnages range from 114 to 314 tons with capac- 
ities about doubled by means of heavier springs and oversize tires. 
Truck sizes are carefully selected for large capacities and continuous 
operation. Maximum sizes range from 35 to 50 tons load. Diesel- 
engine drives are generally used. Contract trucking is common in many 
mining districts. E. D. Gardner in Information Circular 6,898, U.S. 
Bur. Mines, gives the following ton-mile costs: Up to 1 mile, 35 cents; 
1 to 2 miles, 22 cents; 2 to 5, 12 cents; 5 to 10, 9 cents;and 10 to 20, 6 cents. 

Miscellaneous Transportation Methods.—Some Western mining dis- 
tricts were served by team and wagon. Pack animals continue to be 
used in places inaccessible to roads and serve under prospecting and 
exploration operations. Remote areas in Canada developed water 
transportation for summer conditions and tread-tractor sled trains for 
winter transportation. In late 1916, 3,300 tons of ore was hauled 40 miles 
by sleigh, 130 miles by barge in summer, and then by rail to Trail, B. C., 
a distance of 1,200 miles. In 1918, 6,000 tons was shipped, and in 1919, 
15,000 tons. In 1919 as many as 300 teams were used on the 40-mile 
sled haul, average load per team 614 tons, and cost 37.5 cents per ton- 
mile. In 1917 a tread tractor was tried out. Since that time the tread- 
tractor sled train has found a distinct field in winter transportation. At 
Flin Flon some 25,000 tons of freight was moved 69 miles in 90 days 
(1928-29) ; sleigh loads were 15 to 38 tons, average train load 75, maximum 
120 tons; average time for the 69-mile trip was 23 hr., return trip 14.25 hr. 
(4 to 7 m.p.h.), with 8.25 hr. at both terminals; road cost was $7,000 
per mile, maintenance $300 per mile, and cost of freighting 22 cents per 
ton-mile, exclusive of depreciation. Cost of equipment for hauling and 
maintenance was $202,000 (G. E. Cole). 

Alaska Juneau made use of 600-ton self-dumping barges for waste- 
rock disposal. Freighting by airplane began in Canada about 1925, 
and since then many mining districts have made use of airplanes for 
transporting prospecting equipment and personnel for initial exploration 
and operation. In 1931-32 the Bulolo Gold Dredging Co. transported by 
airplane 2,500 tons, including parts for two complete 10-cu. ft. gold 
dredges and a power plant, from Lae, New Guinea, to Wau over an inter- 
vening mountain range, a distance of 32.5 miles, at a cost of $762,000. 


HOISTING 


Methods of Ore and Coal Handling.—Cage hoisting is used for 
handling men, materials, and.loaded ore or coal cars. Three types are 
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prevalent. In the first the cars are placed upon and taken from the 
deck of the cage by hand; in the second, caging machines are used at 


loading points and decaging machines at the surface; in the third, a 


_ tilting-deck cage enables cars to be dumped without removal from the 


cage. 
Cage hoisting is used in some degree in all shaft mines. Supplies, 
materials, and men are best handled by means of cages. Only in small 
mines is the cage used for hoisting ore, but in many coal mines cage 
hoisting is used to avoid excessive coal breakage and dust. An end- 
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Fia. 86.—Systems of hoisting. 


dumping mine car is automatically locked upon the deck of the tilting 
cage; as the cage approaches the dumping point it is automatically 
tilted, the end door of the car is lifted, and the contents is discharged into 
a chute. At such mines a caging machine is used at loading points. 
Caging and decaging machines are rarely used in metal or industrial 
mineral mines but are widely used in coal mines. 

Skip hoisting is almost universal in all large metal mines and for 


most industrial mineral mines served by shafts. It is used to an increas- 


ing extent in coal mines. Skips are loaded at shaft bins, usually from 
supplemental measuring pockets that hold a single load, and are auto- 
matically dumped at the surface into bins. Shaft capacity is greatly 
increased by skip hoisting. Both skip and cage hoisting are required in 
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mines of large output, and separate compartments or separate shafts are 
provided for these services. Shaft service may be required at a number 
of levels in deep mines but may be necessary only at one level in coal 
mines. 

Systems of Hoisting.—Four systems of hoisting are illustrated in 
Fig. 86: Unbalanced or single-rope hoisting, partially balanced or two-rope 
hoisting, balanced or two-rope hoisting with tail rope, and over- 
balanced hoisting. Single-rope hoisting is characteristic of small opera- 
tions and prospects. Slope mines, coal and iron, also make use of this 
system where inclines are 30 deg. or less. Most auxiliary hoisting is on a 
single-rope basis. 


Fie. 86a.—Two-drum, motor-driven hoist; rope pull 56,800 lb; maximum rope speed 
2,250 ft. per min.; 2,000 hp. d-c motor, direct-connected, 59.5 r.p.m.; manual and automatic 
control. (Allis-Chalmers Mfg. Co.) ; 

The two-rope partially balanced system is more used than any other 
in both metal and coal mines. The two-rope type with tail rope is com- 
paratively rare. In Germany the Koepe hoist is used in deep coal mining. 
It consists of a 15- to 25-ft. sheave, deeply grooved and directly connected 
to motors; the rope is looped about the sheave and its ends are attached 
to the cages in the compartments; a tail rope is connected with the cages 
beneath. Grip sheaves of somewhat smaller diameter also were used. 
B. V. EK. Nordberg described the Bollen pulley, a type of grip sheave, and 
its use at the Magma mine (Arizona). At this mine, where the total 
lift is 4,000 ft., a tail rope is used to achieve balance. A skip and cage 
are in balance with a three-deck cage, the useful load being 8,000 lb. 
At the Park-Utah a similar hoist is installed directly over the shaft. In 
each case both sides of the system must be used simultaneously. 
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An overbalanced system was at one time used in small mines and 
| prospects to avoid overloading small power plants. It is now common 
ft in handling large cages, but the tail rope has been discarded. The 
® counterbalance and its rope require a separate small compartment in the 
#) shaft. Their weight is equal to the weight of the cage, and the over- 
at balance weight is usually half the useful load. Starting with a loaded 
f cage at the top, the excess load in favor of the hoist is half the useful 
) load. 

Vertical and Incline Hoisting.— Hoisting in incline shafts differs from 
vertical hoisting in that there is increased friction and a decreased pro- 
portion of the weight to be hoisted. Rollers are placed at intervals of 
) some 50 ft. to support the rope and to reduce wear. Tracks are necessary. 
, Hoisting speeds are one-half to less than two-thirds those employed in 
4) vertical shafts of corresponding depths. In slope hoisting, trains of mine 
: cars are handled instead of skips or cages. In double-track slopes a train 
4) of loaded cars is hoisted while a train of empties is being lowered, the 
‘ hoisting ropes being attached and detached as required; in single-slope 
“I hoisting a train of loaded cars is hoisted and the rope is detached and 
ai Ee astened to a train of empties, which is then lowered. In metal-mine 
9} slopes skips are used in place of trains. 

. Types of Hoists.—Electrically operated hoists have displaced steam- 
%) and compressed-air-driven hoists for both large and small outputs. 
»)| Hoists operated by internal-combustion engines are used in prospecting 
| operations where electrical power is not available. Water power is 
1) seldom used. 
| Hoists fall into two general types, direct-driven and gear-driven. In 
| the former the motor is direct-connected to the shaft of the drum; in the 
j) latter, single or double reduction gear trains are interposed between 
motor and drum shaft. Hoists are either single or double drum. Drums 
¥) are cylindrical, conical, cylindroconical, and bicylindroconical. The 
| conical drum provides a rope wind beginning at a minimum diameter 
6) and increasing in diameter with each successive turn; the cylindroconical 
4) begins the wind on a cylindrical part that connects with the spiral path 
of the conical portion; the bicylindrical begins the wind on a cylindrical 
}| portion, continues it on a conical portion, and completes the wind on a 
¥ cylindrical part. The rope follows a continuous groove on the various 
surfaces. Single drums are keyed to the drum shaft; double drums have 
one drum keyed and the other friction-clutched or toothed-clutched to 
| J the shaft, or both drums are friction- or toothed-clutched. In the 
4), tandem rosea hoist the drums are mounted upon parallel shafts and 
+ connected to them by friction clutches, the parallel shafts being connected 
4 by a gear train to the motor. The tandem hoist gives smaller fleet 
| angles than the two-drum hoist of the usual construction. 
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Because the hoisting rope is wound upon the drum under maximum 
load, the drum design must be such as to resist the crushing action of the 
coils of rope. Sometimes from two to five layers of rope are wound upon 


the drum, and under such circumstances the drum must be of massive - 


construction. Cylindroconical and large drum hoists are designed for a 


Fra. 866.—Multiple-arm double-disk clutch for hoist drum. (Allis-Chalmers Mfg. Co.) 


single layer of hoisting rope. A two-rope single-drum hoist may consist 
of a central cylindrical section into which two conical end sections lead, 
one on each side. The drum is keyed to the shaft, and both ropes use the 
cylindrical section as either completes its wind. 

Friction clutches (Fig. 86b) are widely used and are especially designed 
for the heavy service of hoisting. The jaw clutch is positive but does not 
permit sufficiently close adjustment between the positions of the two drums 
and corresponding cages. A multiple-toothed clutch is used on some large 
hoists and permits faster and closer adjustment. It is favored in English 
hoisting practice, while the friction clutch is favored in this country. 
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Very small hoists are equipped with band brakes, but all large hoists 
have post brakes on each drum, designed for Panatle! movement and 
bearing upon brake wheels of Aigicient diameter and face width to control 
movement of the drums. Application of post brakes is accomplished 
by compressed-air cylinders or by weights lifted by oil or compressed- 
air cylinders. Supplementary methods of control include dynamic 
braking in large hoists. Such control or countertorque reverses the 
function of the motor, which then becomes a generator. 

Both d-c and a-c motors are used for hoisting service, the latter being 
of the slip-ring type. The wound-rotor induction motor with secondary 
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fig. 87.—Power demands in theoretical duty cycle curve for balanced hoisting from 1,485- 
ft. level. (F. R. Grant, Eng. Min. Jour.) 


resistance control is used for many small hoists and up to 2,000 hp.; but as 
it has high starting peaks and is not completely controllable, it is not well 
adapted for lowering. D-c motors are usually employed on large hoists. 

In the operation of a hoist, power demand (Fig. 87) rapidly ascends to 
a peak during the accelerating period of 5 to 20 sec., and then declines, 
rapidly at first and more slowly during the constant-speed interval until 
retardation begins, at which point input power becomes zero and 
mechanical or dynamic braking, or both, absorb the momentum of the 
moving parts and bring the cages or skips to rest at predetermined points. 
The most adverse. conditions occur in unbalanced hoisting where load, 
skip, and rope have to be accelerated; in two-compartment hoisting, the 
unbalanced weight is only that of the load and rope, but at the retardation 
period the momentum of the descending rope must be absorbed, as 
well as that of the ascending load and the pair of revolving drums and 
accessories. 

Control of speed and prevention of overwind are effected by manual 
or by manual and automatically operated devices. Automatic devices 
are mechanical or mechanical and electrical. 
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Overload Power Control.—In hoist operation, peak power demand 
occurs during acceleration. Power demand alternates from peak to no 
load for each cycle of hoisting. Motor-generator flywheel units with 
Ilgner-Ward-Leonard control are used to supply current to the d-c hoist 
motors. A wound-rotor induction motor with slip-ring regulation drives 
a d-c generator and heavy flywheel continuously. When the hoist motors 
approach their peak demand, energy stored by the flywheel is taken by 
the system, momentarily reducing flywheel speed; during retardation 
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Fia. 88.—Types of hoisting engines—the Quincy hoist. 


motors act as generators and return energy to the system. It is possible 
by this arrangement to maintain power input from the a-c supply at 
approximately constant load. Ward-Leonard control, or variable voltage 
control, comprises series connection of hoist motor and generator, the 
control of the motor being obtained by reversal and variation of the 
generator-field excitation. Field currents of the hoist motor and genera- 
tor are controlled by magnetic contactors. Automatic regulation of hoist 
operation and control has been achieved by this combination. At 
Inspiration, Miami, and relatively few other mines, hoisting is initiated 
by switches at skip-loading stations underground and automatically 
terminated at skip dumping points. 
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A modified Ward-Leonard system in which the speed and the rate 
_ of acceleration are automatically controlled by a group of small pilot 
| generators is known as the Regulex system. G. A. Morrison states 
that the auxiliary motor generator consists of six machines coupled to a 
common bedplate, which, with a master controller, a switchboard, a 
| main motor, and a main motor generator, makes a complete unit. Hoist- 


} Brake Brake cylinder 


Nan safety 
" allutch 
7B 
Brarke ¢, Controller 


SOFT approx.» ~ 


brake cylinder-->-*S 


i site we eertmennsmg Aer ereeeegs a Bitte use trey senemerbmneneee - 6/ ft approx. - Putas ceeca ean etamasiiasatar sel ta kecinas Deana ra) 
| Fie. 89.—Plan of Homestake bicylindroconical tandem drum hoist. (Hng. Min. Jour.) 


fing from a depth of 2,000 ft. is being accomplished without a hoistman. 
The Amplidyne is still another device (General Electric) for hoist- 
motor regulation. It regulates speed, voltage, current, or power over a 
wide range where d-c motors are used. 
| Examples of Hoists.—Partial data are given in the accompanying 
| table for five large hoists operating on large properties. The equipment 
jis representative of present practice for deep mines. In the deepest 
joperation, the Simmer and Jack mine (South Africa), a steam turbine 
th used to drive the flywheel generator supplying direct current to the 
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hoist motors. The capacity of the hoist is rated at 21.6 trips per hour 
from a depth of 6,660 ft.; acceleration is 17.6 sec., followed by a second 
acceleration period of 17.6 sec. to obtain the maximum rope speed of 
3,000 ft. per min.; total trip time is 2.685 min. with 5-sec. intervals for 
loading and dumping. In contrast to this, the Ross shaft hoist shortly 
after it was installed handled some 150 trips, a total of 1,050 tons, in 4 hr., 
or at the rate of 3714 trips per hour. Figure 88 shows a direct-connected 
steam hoist and Fig. 89 the plan of a gear-driven electric hoist. 


TaBLe 30.—ParriaAL Data ror LARGE Hoists 


Porphyry Porphyry 


shaft, shaft, 
Inspiration | Inspiration 
mine mine Ross Shaft, Vlakfontein, ieee & 
Homestake South Africa South wAtries 
Man and 
Ore hoist material 
hoist 
Number and type of 
OUULINS Ane cade no 2C 1C T 2 Bi-C-Con.| Bi-C-Con | 2 Bi-C-Con. 
Diameter of drum, ft. 12 10 12-25 13-35 13-35 
Face of drum, ft..... 8G 8.5G LG TG 
Rope diameter, in.... 1% 1k 1% 2 2 
Rope length, ft...... LOO Ms ea oaan eaee 5,400 6,200 
Rope weight, per ft. . DEO) abe ae meeps DIOS easy (V4 voces 6.89 
Rope speed, ft. per 
MING ee 1,920 |800—1 ,400 2,500 3,000 3,000 
Skip capacity, tons. . 12 Si arene zu 8 8 
Skip weight, tons.... LO:.O ale ree eee 6.25 - 6.81 4.5 
Motor, hp.......... D-C 2,150 | D-C 600 | (2) D-C 1,500] (2) 1,810 
Motor connection....| Direct Geared Geared Geared Geared 
Maximumdrumspeed| 51 r.p.m. |......... SO) Taps Teeth a | Serene aes 65.3 r.p.m. 
Generator, d-c, kw... 1,600 450 Two 1,250 | Two 1,480 
Motor, a-c, hp...... 1,900 500 be Aa) 3,300 
Flywheel, tons....... 39 8.25 43.75 
Service, tons........ TO; 000% e|B Rete 4,000 
Service interval, hr. . LG; al orgernacy ogee 15 
Depth of wind, ft.... L485 elena sae 2,900 5,240 6,600 
Acceleration, sec..... LOD ie erae terete ces US on ts Ma a es 2-16 
Clutchyeqsea aos ee | SE TChiON || Mneeneen, ASA plate meet sae Toothed 
Control tt ne ee ey cee W.-L. W.-L. W.-L. W.-L. 


Notrs.—C is cylindrical; T is tandem arrangement of drums; Bi-C-Con. is bicylindrical conical 
drum; G is grooved; D-C is direct current; A-C is alternating current. All hoists listed are equipped 
with post brakes operated by gravity, with power cylinders for release. Safety equipment of American 
hoists is Lilly controls; W.-L. is Ward-Leonard control. 

The foregoing comprises hoists for serving vertical shafts. A single- 
drum, single-rope hoist, serving a slope at Ensley, Ala., has a drum diam- 
eter of 18 ft. by 17-ft. face, the rope diameter 114 in. and length 7,450 ft.; 
weight of load is 15 tons, skip weight 10.4 tons; motor horsepower is 
2,500; speed 3,600 ft. per min.; slope length 6,600 ft. Another example 
is the Quincy No. 2 (Michigan), served by a hoist taking 10,000 ft. of rope 
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‘in one layer, the incline being 9,000 ft. in length. The small diameter of 
the hoist is 16 ft. and the cylindrical portion 30 ft., both ends being 
conical drum. 

Shaft Elevators.—Elevator hoists for service to depths of 1,000 ft. 
have been found adaptable for handling men and light materials. The 
hoist is semiautomatic, electrically driven and controlled from the cage 
as in the case of the ordinary elevator. Speeds are 700 ft. per min. A 
number of installations have been made, but 1,000 ft. is the maximum 
vertical depth. 

Supplemental Hoisting.—Small compressed-air-operated hoists, single 
drum, are used in winzes and raises and for miscellaneous work under- 
ground. The stretcher-bar hoist is powered by 2- to 6-hp. compressed- 
| air engine; drum diameter is 5 to:914 in., face 5 to 17 in.; rope capacity 
/ 300 to 1,000 ft. of 14- to 546-In. wire rope; capacity 500 to 2,000 Ib.; 
| hoisting speeds 60 to 100.ft. per min.; and weight 200 to 800 lb. This 
| type of auxiliary hoisting unit was the predecessor of the larger scraper 
| hoists described elsewhere. __ ; 
Hoisting Speeds.—Hoisting speeds for handling men are regulated 
i by law. A common speed limit is 800 ft. per min. Other speeds are 
) determined by shaft, hoist, and headframe conditions. In the deepest 
| shafts speeds are a maximum of 3,000 ft. per min. or more; in shallow 
| shafts, 500 ft. in depth, the maximum is 1,200; for depths of 500 to 1,000 
/ ft., 1,600 ft. per min.; for 1,000 to 2,000 ft. per min., and for over 
! 3,000 ft., 3,000 ft. per min. The desired shaft capacity influences the 
| design of the hoisting installation in respect to loading, accelerating, 
| hoisting, retardation, and dumping time, the sum of which gives the 
| total time for a cycle. As the hoisting time is usually greatest, the speed 
| of hoisting and the shaft depth over which the maximum speed can be 
} maintained determine this time interval. It is for this reason that great 
| speeds are used in very deep shafts. 

Hoisting Ropes.—Steel wire ropes of ordinary-lay, lang-lay, pre- 
| formed, flattened-strand, Seale, nonspinning, and locked-coil construction 
' are used in hoisting practice (see Fig. 90). Some steel*wire flat ropes 
are used but have been generally displaced by the round rope. Ropes of 

ordinary lay consist of six strands of 19 wires each, the rope lay (twist) 
| being opposite to that of the strands, there being right- and left-lay ropes. , 

Various combinations, such as eight strands of 19 wires each, six 

strands of 37 wires each, and others, are manufactured either for obtain- 
' ing greater flexibility or for greater wear resistance. The most commonly 
used hoisting rope is the 6-19. In the lang-lay rope, the twist or lay of 
| the wires in both strands and rope is in the same direction. As such ropes 
tend to untwist, they must be carefully handled. 

Strands are laid together about a hemp core. Flattened-strand 
| ropes are constructed of strands formed about an elliptical or triangular- 
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shaped wire core. Preformed ropes are constructed of strands in which 
the individual wires are formed or given a set to correspond with the lay 
of the strand, so that they remain in place and do not untwist. Pre- 
forming is applicable to most constructions and makes for ropes of 
greater flexibility which can be more easily handled, which do not kink 
so readily as ropes of ordinary construction, and in which broken wires 
do not protrude. Preformed ropes cost more. Flattened-strand and 
lang-lay ropes give greater wear, as more metal is exposed on the surface 
of the rope. With the exception of the core wires in the flattened-strand 


Fig. 90.—Types of hoisting ropes shown in cross section. (A) is a standard hoisting 
rope of six strands of 19 wires each about a hemp center; (B) is a 6 X 12 rope used for 
haulage purposes; (C) is a 6 X 7 guy rope; (D) is a flattened-strand rope 5 X 28; (E) isa 
triangular-strand rope 6 X 25; (F) locked-coil ropes, the first used for hoisting purposes and 
the second for cage guides. 


ropes, all ropes that have been described are constructed of wires of the 
same diameter. 

A rope of Seale construction is made up of six strands, each of which 
consists of a core wire surrounded by nine inner wires of uniform but 
relatively small size and on the outside by nine wires of uniform size 
but of relatively larger diameter. The larger outer wires of each strand 
offer more resistance to abrasion and seat themselves in the valleys formed 
by the smaller wires. Some hoisting installations have used ropes of 
Seale construction. Warrington construction consists of six light strands, 
each consisting of 12 outer wires, large and small alternately, and sur- 
rounding seven wires of intermediate size. 

Nonspinning ropes are usually constructed of an inner and outer rope 
of opposite lays. The practice of preforming wire in strands has made 
such ropes less used than formerly. Nonspinning ropes are used in 
sinking operations where the bucket is suspended below a crosshead. 
The locked-coil rope is a nonspinning type but is seldom used for hoisting 
in American mining practice. 

Hoisting ropes are constructed of plow steel and improved plow steel, 
the approximate wire strength in pounds per square inch being respec- 
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| tively 210,000 to 260,000 and 230,000 to 280,000. An acid open-hearth 
| steel is used. Strength of wire ropes and recommended loads are given 
in manufacturers’ catalogues. Ropes of ordinary construction stretch 
| from 1.3 to 2.3 per cent of their original length with use. Locked-coil 
| ropes stretch the least. 

Internal and external lubrication is necessary to minimize wear and 
| to prevent internal corrosion. Wear is not only upon the outer surface 
| but also internally upon the individual wires. Ropes fail by reason of 
| kinking, crushing, unlaying, and bending and by dynamic loads in excess 
| of normal working conditions, such as taking up slack too quickly or 
| excessive acceleration. Resistance to bending, sheave-passing ability, 
| or flexibility is in direct proportion to the number of strands and the 
number of wires in a strand, while resistance to abrasion and crushing is 
| inversely proportional to the number of strands and wires in a strand. 
| Passing about small sheaves is the most severe service to which a rope can 
| be subjected. Preformed rope and the more flexible ropes can be used 
} upon relatively smaller diameter sheaves than ropes of ordinary con- 
| struction. It is for this reason that such ropes are used for scraper 
} service and for the smaller hoists. For man cages and ore hoisting, with 
| ropes of relatively large diameter, both sheave and minimum drum diam- 
eters are selected with ratios of 80 to 100 times the diameter of the rope. 
| Minimum sheave diameters for small ropes depend upon rope type; thus 
| a 6-7 rope would require a ratio of 48 and a 6-37 a ratio of 20 (R. A. 
' Rairden). Manufacturers’ catalogues give recommended sheave diam- 
‘ eters for various sizes and rope types. 

The condition of a rope is judged by the number of broken wires 
} exposed upon its outer surface, by loose wires, by measurement of wear 
| upon outer wires, by diameter shrinkage, by measurement of increase in 
} length of lay, and by evidences of internal corrosion. It is general 
practice to cut off a portion of the lower end of a used hoisting rope and 
| submit the wires to bending, torsion, and ductility tests. Sometimes 
the actual breaking strength of the rope is determined by submitting a 
| short length to a tension test. Rope inspection is a daily task. More 
complete inspections of hoisting ropes are made at weekends. The rope 
/ must be cleaned for a thorough inspection. Preformed rope is difficult to 
inspect. 

Life of Hoisting Ropes.—Life of hoisting ropes is given in terms of 
‘hours of service, tons hoisted per rope, or number of hoists per rope. 
| Care taken in placing ropes upon drums, efficient lubrication, and skillful 
hoist operation give longer rope life and a better time range of normal 
safety factor. Short ropes have relatively less life than long ropes. 
| There is less wear in vertical shafts than in inclines or slopes; the number 
| of wraps on a hoisting drum influences wear; the presence of water and 
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steam in a shaft is an adverse factor. Practice varies as to when a rope 
reaches a condition requiring replacement, but closely spaced inspections 
will indicate the approach to unsafe deterioration. A complete log 
detailing the results of inspections is kept for each rope in service. 

A. F. Williams gives two examples of hoisting ropes in use from 1,552 
to 5,472 hr., loads hoisted being 315,663 and 701,727 tons, depths 2,520 
and 1,840, and factors of safety 7 and 5.2, respectively, with loads of 5 tons. 
At Hollinger a 11%-in. 6 by 19 preformed lang-lay rope hoisting from a 
depth of 3,050 ft. at a maximum speed of 3,000 ft. per min. lifted 1,001,811 
tons of 6-ton skips in 166,968 trips before being replaced (J. W. Dougherty 
and J. M. Douglas). The average of five 1/4-in. 6-19 lang-lay ropes 
in iron-mining service, each 4,020 ft. long, was 1,164,567 tons hoisted. 
R. B. Smart gives the life of two 2-in., 6-32 lang-lay preformed ropes, 
each 6,200 ft. long, as 32 and 45 months and states that a rope life of 
31% to 4 years is not unusual where large bicylindroconical hoists are in 
use. 

Factor of Safety.—The ratio of breaking load of rope and the maxi- 
mum load or combined weight of rope, cage or skip, and useful load is the 
factor of safety for static conditions. Bending stress, friction, and the 
pull due to acceleration when added to the combined weight and divided 
into the breaking load of the rope gives the dynamic factor of safety. 
Operating conditions in each case determine the dynamic factor of 
safety, and these are considered in the design of the hoisting installation. 
The rate of acceleration and the amount of slack in the hoisting rope at 
the beginning of a hoist cycle are important factors. Static factors of 
safety for hoisting men, which frequently are prescribed by law, are from 
about 7 to 10; for ore hoisting such factors range from slightly less than 5 
for very deep hoisting to 7 to 10 for shallow hoisting. 

Fleet Angle and Lead.—The angle of fleet is the angle made by the 
rope between the drum flange‘and the center line of drum and sheave. 
The distance between sheave and drum centers is the lead. The greater 
the lead, other things being equal, the smaller the fleet angle. Too great 
a lead results in vibration and whipping of the rope between sheave and 
drum. Idler sheaves are frequently installed where long leads are 
necessary. Fleet angles are limited to 144 deg. for flat-faced drums and 
to 2 deg. for grooved drums, but some engineers place these angles at 
2 and 4 deg., respectively. 

Rope Attachment.—Hoisting ropes are attached to drums by passing 
them through a hole in the drum, looping them about the drum shaft, 
and securing the loose ends to the respective ropes by rope clamps. 
The excess length of rope is coiled around the drum and should be suffi- 
cient not only to prevent complete unwinding but also to provide for 
recapping during its useful life. Attachment to the cage and skip is 
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provided by a rope socket, wire-rope clips, or various designs of wedge 
sockets. Wire-rope clips are probably most commonly used. In this 
arrangement the rope is passed around a forged thimble and pressed into 
the grooves of the thimble by a special clamp; the free end of the rope 
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Ite. 91.—Bucket hooks and devices for attaching the hoisting rope to the bucket. Types 
of buckets. 


‘secured by a number of bolted clips at intervals of 6, 8, 10, and 12 in., 
starting at a point 4 in. from the thimble. A heavy bolt connects the 
thimble to the drawbar of the cage or skip. In most cases an additional 
fastening, consisting of from two to four chains attached to a bolted 
sleeve socket above the rope clips, connects with the cage. Detaching 
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hooks, interposed between thimble and cage and used to detach the rope 
from the cage in case of overwind, are seldom used. | 
Buckets, Cages, and Skips.—The vehicles used in hoisting are 
designed for the shaft compartments and to conform to operating condi- 
tions and the service to be rendered. The 
bucket, bucket and crosshead, cage, skip, 
or combined skip and cage are types of 
vehicles for vertical shafts. Man cars 
and skips are used for inclines, trains of 
mine cars for coal-mine slopes. Buckets 
are used in shaft sinking and in small 
mines. Figure 91 shows rope attach- 
ments for buckets. In the Tri-State lead 
and zine districts ore hoisting by bucket 
is common practice. Safety crossheads 
(Fig. 92) provided with automatic safety 
a catches reduce the hazard involved in 
Fig. 92.—Safety crosshead for bucket hoisting. 
piecrgate aac SE aan et Cages for the ordinary shaft com- 
partment, 4 by 5 ft., have limited han- 
dling capacity, and special loading arrangements are required for large 
haulage locomotives (see Fig. 93). Long timbers are handled by 


Timbers extend to top 
K of tipple for over rury 


Fia. 93.—Shaft vehicles. (A), Safety cage; (B) ore skip; (C) tilting deck cage. 


throwing the cage hoods back, standing the timbers on end, and lashing 
them to the hoisting rope. The restricted deck capacity of such cages 
brought about a shaft design that provides a cage compartment 10 to 
14 ft. in length with a width of 4 to 6 ft. Cages are usually single deck, 
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but two-deck cages are used in mines of large output. In such large-cage 
compartments a single cage is operated with a counterbalance, and its 
rope is in a separate smaller compartment. American mines favor two 
compartments for handling ore in skips with a hoist for this service and 
a large cage and counterbalance compartments with its own hoist. In 
some South African mines two large cages are operated in counterbal- 
ance. Though cage sizes vary with the requirements of the mine, 
a deck area 14 by 5.5 ft.is large enough for most mines. Such a 
cage will load 50 men per deck, the allowance being approximately 
1.5 sq. ft. deck area per man. Cages of this kind (Fig. 94) are frequently 
equipped with chairs at each corner, all operated by a lever on the cage. 
This arrangement overcomes the objection to the use of keps at stations. 

Skips range in capacity from 1 to 17 tons, in metal mines from 1 to 10 
tons, rarely 12 tons; in South Africa an 8-ton skip is generally used for 
deep hoisting. The cross section is square or rectangular, and the depth 
is 144 to 4 times the minimum width. For serving vertical shafts the 
box is pivoted to a bail or frame, which is provided with a crosshead and 
guide shoes. Rollers on the sides of the box engage curved tracks in the 
headframe and tilt the box about its pivot into the dumping position. 
Figure 95 shows a skip dumping rig and skip. Dumping horns ride upon 
tumblers and enable the skip rollers to engage an upper curved track, thus 
completing the dump. Various devices are used to secure stability 
during hoisting. One of the earliest of these consisted of a latch that was 
lifted at the dumping point by a roller on the end of the latch engaging a 
track. Another design consists of an upper stop on the side of the box 
and lower down a half shoe, which slides along the guide opposite the 
upper stop plate. A space is provided through the guides at the dump- 
ing point to enable the half shoe to cross the guide as the box is tilted. 

Skip design conforms to shaft and ore conditions. Abrasive ores 
require replaceable wearing plates or bars upon bottom and sides where 
the ore stream strikes in loading and discharging. Sticky ores require 
rounded corners; in one design short lengths of chain are fastened in each 
corner to loosen accretions; in another design thick rubber pads are used 
in the bottom to facilitate clean discharge; in still another a cast steel 
bottom of hemispherical shape is welded to the side plates. 

For service in incline shafts the bail is attached to the box below 
both the mid-point and the center line. Four wheels support the box 
upon the rails and may be attached to the sides of the box, thus giving 
a low center of gravity, or may have their axles fastened to the bottom 
of the box (Fig. 94). Dumping is accomplished by wide-tread rear 
wheels, the extra tread engaging the dumping tracks and tilting the — 
box at the discharge point. Guides are used in shafts of steep inclination ~ 
but may be omitted in shafts of low inclination. In such cases stringers 
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(Fig. 94) run the length of the skipway, and angles are attached to the 


» bottom of the box in such a position as to engage the stringers in the 


event of a derailment. Special loading hoppers are necessary for inclines 
of 30 to 50 deg.; for 15- to 30-deg. inclines, the top plate of the box is 
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| Fig. 95.—Skip dump and typical skip of the Butte district. (C. M. Harrer and L. S. Farn- 


ham, Eng. Min. Jour.) 


omitted and a gate is fastened to the bail at the front end of the box. 
Hoisting stability is secured by using wide track gages, up to 5 ft. Swiv- 
eling the front or rear axle in a plane normal to the tracks allows for track 
inequalities. 
Mechanically, the vertical skip has the objection that in dumping, 
part of the vertical weight is transferred to the dumping tracks, with the 
result that after dumping the skip returns slowly to its vertical position; 


there is also considerable shock as the skip enters the dumping tracks, 
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To overcome this objection, a new design (Anaconda) makes use of a side 
discharge at the bottom of the box and the skip is never tilted. The 
bottom of the skip is sloped at a 50-deg. angle to the discharge edge. A 
large side-discharge door operates in grooves, its width being the width 
of the box less that of the side strips necessary to support the grooves. 
In dumping, the skip is raised to a fixed position, at which point a com- 
pressed-air cylinder advances a fork or yoke that engages lugs at the top 
edge of the side door; the skip is lowered, the side door remaining station- 
ary, and its contents are discharged into a side trough. There is said to 
be little spillage with this design; it also has other advantages over the 
ordinary skip dump. 

Skips and cages are constructed of mild steel, design following estab- 
lished practice. Manganese steel is sometimes used for skip boxes and at 
points of concentrated abrasion. Weights of cages 12 sq. ft. in deck area 
range from 2,700 to 4,000 lb.; with those of deck 12 ft. 7 in. by 5 ft., or 
about 63 sq. ft. area, the cage weight is 8,000 lb. and load 5 tons. Skip 
weights approximate 1,000 to 1,500 lb. per ton of capacity for 7- to 15-ton 
capacity and 1,500 to 1,900 lb. per ton of capacity for 2- to 6-ton skips. 
Small cages and skips weigh more per square foot of deck area and per 
ton of capacity than do the large sizes. The 12-ton skips of Inspiration’s 
Porphyry shaft weigh 21,000 lb., or 1,750 lb. per ton of capacity. A 
5-ton (94-cu. ft.) rounded-bottom skip designed by O. D. McClure, 
constructed of alloy-steel plate and steel castings, weighed 6,000 lb., or 
1,200 lb. per ton of capacity. 

The use of high-tensile steel with proportionate reduction in the cross 
section of structural parts gives lower weights; the use of duralumin gives 
still lower weights, as much as 30 to 60 per cent weight reduction as com- 
pared to ordinary steel. At the Falconbridge mine (Canada) a 9-ton 
nickel-steel skip weighs 10,100 Ib. or 1,010 lb. per ton of capacity; a 
13,100-lb. cage accommodates 54 men or a load of 13,000 lb.. At the 
Hollinger mine (Canada), a 30-man steel cage weighing 11,500 Ib. was 
replaced by a 60-man two-deck cage of aluminum alloy weighing 8,265 lb. 
At the Cayuga salt mine a 2,800-lb. steel cage was replaced by a 1,650-lb. 
aluminum alloy cage. In equipping an underground shaft, the United 
States Smelting Co. installed an aluminum-alloy 50-cu. ft. skip weigh- 
ing 1,520 lb. and a cage of steel and aluminum weighing 1,980 lb., the 
comparative weights in steel being 3,600 and 2,700 lb., respectively. 
The skip was lined with 34-in. rubber, over which were fastened 34 ¢-in. 
high-carbon steel plates to deflect the ore. The respective corrosion 
resistances of steel, alloy steel, and aluminum alloys to shaft and ore 
conditions require investigation in each proposed installation. 

Shaft Arrangements.— Wooden guides are generally used in timbered 
shafts and also in most steel or concrete-supported shafts. Guides are of 
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® selected straight-grained timber dressed on all sides, 4 by 4 in., 4 by 6, 
| 6 by 6, 4 by 8, and 514 by 9 in. in size. Douglas fir, pitch pine, and other 
| similar strong woods are used. Steel channels, 8 in. by 334 in., and 80-lb. 
i) steel rails are sometimes installed. In circular shafts, wire-rope guide 
§ cables of 15g-in. diameter are used at the corners of the cages, and two 
| 19g-in. rubbing cables are placed between cage runs, both guide and 
rubbing cables being weighted at their lower ends to ensure maximum 
§\ rigidity (weights are from 514 to 644 tons per rope). In some circular 
“shafts wooden guides are used in preference to rope guides. Wooden 
i) guides permit the use of safety dogs on cages and skips but must be of 
substantial cross section to be effective; metal guides do not permit the 
use of safety dogs. ; 
Keps or landing dogs, once installed at all stations, are now practi- 
li cally obsolete. When they are used they are installed upon the cages as a 
part of the cage construction and are advanced or retracted by a system of 
levers as required at loading stations. Chain keps, which are short 
M@lengths of chain attached at one end to shaft timbers, the other being 
attached to the cage after it has reached the station, are sometimes used. 
d They have the advantage of swinging free from the cage attachment as 
ithe cage is started upward. 
Gates are installed at each shaft station to safeguard the entrance to 
jeach compartment and to prevent objects from falling into the shaft. 
“Shaft doors are either waist high or are designed to cover the full opening 
Nof the shaft. A wooden bar is the simplest arrangement, but a wooden 
door or a steel-frame door with heavy mesh is a better design. Cage 
Hloading stations are equipped with tracks that extend to the shaft edge 
ijand line into the deck tracks; they are arranged to be accessible at either 
ui one or both ends of the cage compartment. 
| Skip loading stations are equipped with loading bins, sometimes 
Jof several tons capacity, a skip load, or storage pockets up to several 
t “hundred tons capacity. The actual skip loading point (Fig. 96) is 
+\a sufficient vertical distance under the level to provide space for the 
j storage bins into which the ore is dumped at the level. Two general 
a designs both arranged as side-discharging hoppers are in use. In one 
i] the discharge front is closed by a steel or timber structure in which a 
i sliding steel gate, operated by handwheel, rack and pinion, or com- 
y pressed-air cylinder, controls the flow of ore into the skip; the flow is 
t4 deflected by a metal chute designed to discharge into the skip, The 
+ front structure of the pocket is recessed in the space behind the shaft 
* timbers for a sufficient distance to provide a working platform at the con- 
trol gate and to provide access by ladderway from the level above. The 
§ other design provides a large recessed space between the shaft timbers 
Hand the front of the storage pocket. This space is sufficient to accom- 
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modate loading bins for each skip, each bin receiving a measured skip 
load of ore from compressed-air-cylinder-controlled gates and chutes in 
the front of the storage pocket close to each loading bin. Loading bins 
are provided with quick-opening gates and chutes extending to the skip 
loading points. After a skip is loaded and during the interval when it is 
being hoisted, its skip loading bin is filled from the storage pocket and is 
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Fie. 96.—Skip loading bins for incline and 
ready to be emptied when the skip returns. The foregoing arrangement, 
appearing in many variations, is the most effective loading arrangement 
for skips in vertical shafts. With it spillage is at a minimum. 

The angle of shaft inclination influences the details of design of load- 
ing stations for incline shafts to a considerable extent. The loading 
station.is excavated in the hanging wall above the shaft; for steep in- 
clines it follows the design for vertical shafts, but for intermediate angles 
special chute hoppers or funnels are required to direct the ore stream 
into the mouth of the skip. On low angles storage bins are omitted, 


and the small ore pockets discharge directly into a hopper beneath which 
the open-top skip is spotted, 
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Shaft Signal Systems.—The simplest signal mechanism is the pull 
rope, a 4- or 3¢-in. galvanized cable attached at the upper end to a bell 
crank and counterweighted by means of a spring or weight. The bell 
crank operates a spring-trip gong. Quarter-inch wire rope weighs about 
100 lb. per 1,000 ft. The rope is placed in the corner of the shaft, close 


wh eZ 3 
Pe Brg? 


" ‘Counter weight 
' 


pores 
Sues 
4 


Measuring | 
pocke?-"y 


Pipes and ladder 


iS 
“Storage pockets }' 
Wore and waste 


Cage-road 


100'-- - +++ 


Sd ie 
= Mea 


% > —T57 
8 S > SA 
g be : NG 
s os ‘ 
a see Ty > 
ra S it yy 
iS eee S S 
oc : = st 
S SS Measuring R [| 
Ye pockete |W i 
Y W0tons |S | 
YY — —— i i 
a,| Cross-Section Longitudinal Section 
v/2:> Through Pocket Through Pockets 


vertical shafts. (L. Haton, Eng. Min. Jour.) 


to the cage at the landing points. Buttons or rope pulls are attached to 
the cable for convenient operation and cleats keep the rope in position. 
The pull-rope system can be operated up to 2,000 ft. or more, but signal- 
ing cannot be done from fast-running cages. It is usually installed in a 
shaft for emergency purposes. The pneumatic system, used for one-level 
hoisting and for shallow shafts, consists of a closed pipe system, 114- to 
2-in. pipe, operated by piston and cylinder, which generates sufficient 
pressure to operate a whistle or bell at the hoist. It cannot be operated 
from a moving cage. 

In deep shafts and large-capacity hoisting installations, some form 
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of electrical signaling is employed. One type consists of a single charged 
wire with return through the cage and hoisting rope. Contact is made ~ 
by a metal rod connected electrically to the cage or skip, or by a pull 
switch on the cage. A: 22-volt current is used. This rig is used in 
inclines and slopes. A more modern version consists of a bare conductor 
supported by insulators in the shaft compartment and connected at its 
upper end to a sensitive telegraph relay, the other contact of which is 
connected to a circuit with contacts on the hoisting drum and return 
through the rope to the cage. A 3-volt L-20 Edison storage battery 
is placed upon the cage and connects with a hoist signal box making 
contact with the shaft conductor. Signals are given from the cage. 
The relay operates the hoist bell system. H. D. Keiser states that such a 
signal system has been operating satisfactorily in the Park City district 
(Utah) over a period of years. 

The modern shaft is equipped with an independent system of signal- 
ing and wiring for each hoisting compartment. Indicator lamps are 
placed upon the cage or skip position indicator to show where signals 
originate. In addition to the bell signal, a lamp indicates the signal to 
the hoist operator by flashing. Pull switches are placed at each shaft 
station and can be operated by the cager from his position on the cage. 
A call circuit with electric horn signals is also operated by pull switches at 
each station. This enables the cage to be called to a given station. 
Hoist signals are given only by the cager. Signals for skip hoisting are 
given by the skip loader at the loading station. Pull-rope signals are 
also installed for emergency use. A telephone circuit with transmitters 
and receivers at each station and at one or more places in the shaft house 
is used as an auxiliary. 

The signal system just described does not provide for signaling safely 
from a fast-moving cage. To overcome this objection, the Homestake 
mining company devised and installed a carrier-current system. This 
makes use of the hoisting rope and radio apparatus for one-way conversa- 
tion from the moving cage to the hoist loud-speaker or from the hoist to 
the cage loud-speaker, a switch at the microphone being operated by 
either the cager or the hoist engineer when communication is desired. 
High-frequency current, generated by an oscillator tube and suitably 
controlled, is used for transmission. A detailed description of the 
Homestake installation is given by J. F. Wiggert. Another design in 
which shaft wires are used is described by L. D. Stewart. (See the 
bibliography for references.) 

Hoist Safety Controls.—Hoists are equipped with a position indicator 
for each drum and the corresponding shaft vehicle. Track or limit 
switches are installed in the shaft and headframe to prevent overwinding 
and near shaft bottoms to prevent lowering into the sump. Each hoist 
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drum is also equipped with an automatic device to prevent overspeed and 
overwind. It is used in conjunction with the track or limit switches. 
The Lilly hoist control, gravity or electric, is widely used for this purpose. 
Many different designs are available to suit the wide range in hoisting 
conditions and various types of hoist. The control is provided with a 
ball governor, which gives warning when operating speed passes a certain 
limit and then shuts off power and applies the brakes if the warning is 
disregarded; it is also provided with a disk or wheel, on the periphery of 
which are cams establishing the limits of top and bottom travel and also 
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Fia. 97.—Typical shaft station plans. (A), (B), (C), and (D) are used in metal-mining 
practice; (F) and (G) in coal-mining practice. 


for operating the mechanism for retardation and regulating the appli- 
cation of the brakes. Warning is given when to begin retarding for the 
top or bottom of the trip. If the warning signal is disregarded, power is 
shut off and the brakes are applied; likewise if the hoist is started in the 
wrong direction at top or bottom. If.the power for an electrically 
operated hoist fails, the controller will immediately apply the brakes. 
The control has also been incorporated in the mechanism for automatic 
hoists. Each drum of the hoist is coupled by chain and ap ockets or by 
gears to its hoist controller. 

Stations and Main Levels.—Station plans for metal mines fall into 
a few well-defined types. Necessarily the method of hoisting, whether 
by cage or skip, the method of haulage, the tonnage to be supplied 
by the station, and the nature and amount of supplies to be delivered 
to the station will determine the size of the station and the details of the 
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plan. In Fig.,97, several types are shown. A represents a plan used it 
small mines and suitable for cage hoisting. B is suitable for skip hoisting 
and for handling a moderate tonnage. C is a plan much used where 
locomotive haulage is required. D in various modifications is a plan used 
for main haulage levels in large mines. It provides for skip compart- 
ments, shaft loading pockets, and a large cage compartment with separate 
sidings for the cage; it may be readily designed for the modern square 
shaft. F and G represent single-level shaft stations much used in coal- 
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Fie. 98.—Headframe and surface bins, Rorphyry shaft, Inspiration mine. (G. H. Booth, 
Eng. Min. Jour.) 

mining practice where large tonnages are hoisted in cages, which may be of 

either level-deck or tilting-deck construction. Caging machines are used 

at the loading level; one is also required at the surface where level-deck 

cages are used. 

Surface Arrangements.—Shafts are equipped with headframes (Fig. 
98), which support the hoisting sheaves, landing platforms, and receiving 
bins for ore and waste rock. Mechanical arrangements for changing 
skips and cages may also be provided. In the simplest rig the landing 
stage is at the collar of the shaft; the headframe may be of timber and 
some 40 to 75 ft. in height. For large mines and deep shafts the head- 
frame may be of steel, with a housing for landing decks and sheaves in 
severe climates. Reinforced-concrete construction is used to some 
extent. The height of headframes ranges from 100 to 185 ft., very high 
structures being required for very deep shafts in which high-speed hoisting 
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is necessary. Steel or timber bridges connect the landing decks with 
waste-rock tracks and ore bins or stock piles. Figure 99 shows two sur- 
face rigs for handling buckets used for either sinking or ore hoisting in 
small operations. 
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Fre. 99.—Methods for dumping buckets at shaft collar. 
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Capacity of Hoisting Installations.—Shaft capacity in ore hoisting 
is shift time divided by the total average time required for one cycle, 
which may include loading, hoisting, unloading, and lowering, into the 
tons per skip load. In two-compartment hoisting, one skip is lowered 
while the other is being hoisted; likewise one skip is being loaded while 
the other is emptying. Figure 99a is a chart for estimating shaft capac- 
ity in two-compartment hoisting. 
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Automatic Operation of Mine Hoists. Trans. A.I.M.E., vol. 55, p. 10. 
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Automatic Hbisting at the Emma Nevada Shaft. J. E. Boruanpd, Eng. Min. 
Jour., vol. 129, p. 604. 

Electric Shaft Elevators. R. I. C. Mannine, Eng. Min. Jour., vol. 132, p. 520; 
see also vol. 129, p. 347. 

Metal-mining Practice. C.F. Jackson and J. H. Hepeus, Bull. 419, U.S. 
Bur. Mines, pp. 202-219. 


CHAPTER Vill 
MINE DRAINAGE 


GENERAL FEATURES 


Occurrence of Underground Water.—Underground waters owe their 
source to surface waters, which penetrate porous strata and slowly move 
laterally and downward until they reach equilibrium, or to deep-seated 
springs that feed fissures or systems of fissures. Water from deep- 
seated sources ascends until either it flows out from some vent at the 
surface or equilibrium stops further upper movement. Porous or fissured 
rock masses may be looked upon as possible water containers at depth. 
Rocks such as clay shale are practically impervious and may prevent the 
upward flow of water, or if water is above them they may prevent the 
downward flow into mine workings. Many compact sedimentaries and 
igneous rocks, except where extensively jointed and fissured, either do not 
contain much water or are impervious. Alluvial material, sand, gravel, 
and the like are porous and permit more or less free movement of water. 
Limestones are often cavernous and water-bearing. From a topographic 
standpoint basins and valleys are apt to contain water in their lowest 
level at no inconsiderable depth from the surface. The slopes leading to 
the valleys contain water, but at increasing depth as greater elevation 
above the intervening valley is attained. On mountain ranges the 
distribution of the underground water is erratic, and sometimes unex- 
pected quantities are encountered in mine workings. The water plane 
or the top surface of the mass of water below the ground surface is more or 
less irregular in regions of low relief and extremely irregular in regions of 
high relief. 

In desert countries the water plane may be conspicuously absent or at 
such great depth as to be encountered only by the deepest workings. 
At Tonopah, in Nevada, water was struck in small quantities at depths of 
about 1,000 ft., and in the neighboring camp at Goldfield the same condi- 
tion prevailed. In humid localities and in elevated regions of moderate 
relief and moderate rainfall, underground water accumulations are fre- 
quently large and must always be expected unless rock masses are con- 
spicuously impervious and free from fissured zones. 

A mine working above the water plane may be expected to encounter 
only seepage or incidental quantities, but where a working penetrates the 
water plane there is a general movement of the water into the excavation. 
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In a shaft the water rises if undisturbed until it reaches the level of the 
water plane. The rapidity with which it flows in depends upon the depth 
of the shaft bottom below the water plane and the porosity of the sur- 
rounding rock mass. As it is drained and deepened, the depth below the 
water plane becomes greater; the head also becomes greater and the rate 
of inflow is increased. This is in accordance with the principle that as the 
depth of drainage is increased the drainage area is proportionally enlarged. 
In time the water plane about the shaft is lowered and the rate of inflow 
diminishes. Where workings are extended from a shaft the rate of inflow 


Shaft Surface 


Water Plane 


(a) 


Surface 


Fig. 100.—Hypothetical ground-water levels. 


increases. If we imagine the rock mass to be of uniform porosity, such 
an increase might be expected to be proportional to the extent of the work- 
ings. Ultimately the rock mass above would be drained and the floor of 
the workings would represent an axis in a valleylike water plane. At 
this stage the amount of inflow would be reduced to a minimum and would 
be represented for the most part by the accessions coming from the sur- 
face. The general observation that can be deduced is that the water 
inflow in a mine working may be expected to reach a maximum at or about 
the time the working iscompleted, and as time goes on the inflow decreases 
to a minimum. Just how long the period between maximum and mini- 
mum flow will be depends upon the drainage rate and the amount of water 
that must be removed before the general lowering and flattening of the 
water plane takes place. 

In Figs. 100a, b, and c hypothetical cases are assumed and the changes 
caused by shaft drainage that are made in the water plane represented. 
In a it is assumed that the rock mass is of small porosity. The volume 
drained by the shaft is shown by the shaded portion and the bounding 
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line is the new water plane. In b the rock mass is of greater porosity and 
admits of freer movement of the underground water. A relatively 
greater area and volume are affected. In ¢ the effect of deepening the 
shaft is illustrated. 

The geological examination of an ore deposit should not neglect a 
careful study of the possible occurrence of underground water and of 
structural features that might serve as channels for the passage or zones 
for the accumulation of large quantities of water. The position of an 
ore deposit relative to topography and surface drainage should receive 
attention. The porosity of the rock masses, especially in the zone of 
surface drainage tributary to the deposit, is an important element. 
Mines, wells, springs, streams, and lakes in the vicinity may supply much 
evidence of underground water. 

Occurrence of Water in Mining Districts.—Very deep mines are not 
often wet mines. Asan example, in the Kolar district (India) where some 
of the mines have reached a depth of 8,500 ft., T. Pryor states that the 
average water pumped per mine, including workings on lodes other than 
the Champion, is less than 300 gal. per min. In the Butte district 
(Montana) M. McCanna, in describing the High Ore shaft pumping 
unit, indicated an over-all pump capacity of 6,000 gal. per min. with 
provision for an additional 3,000 gal. per min., or an over-all capacity of 
9,000 gal. per min. The Frood mine (Canada) has a pumping station of 
576 gal. per min. with additional reserve capacity on its 2,800-ft. level, 
and pumps an average of 85 gal. per min. Michigan copper mines at a 
depth of 6,000 ft. are said to be practically dry on lower levels; the Calu- 
met and Hecla is said to have pumped over 2,250,000 gal. per day, the 
water originating in the upper workings principally. The lower half 
of the Morro Velho Mine (Brazil), reaching a depth of about 8,000 ft., is 
said to be bone-dry. The Magma mine (Arizona) has a 1,200-gal. per min. 
pumping station on its 3,600-ft. level. Two 600-gal. per min. units are 
used alternately for 16 to 20 hr. per day. 

Comparatively shallow mines at high altitudes often have a water 
problem. The Morococha unit of the Cerro de Pasco (Peru) had at one 
time an installed capacity of 30,000 gal. per min. on its 1,014-ft. level of 
the Natividad mine, the lift being 520 ft. (A. C. MacHardy). At Jar- 
bidge (Nevada) at, 6,200 ft. altitude 7 billion gal. of water were pumped 
in sinking 1,100 ft. and developing 2,300 ft. of short, wet laterals; maxi- 
mum pump capacity installed lifted 7,100 gal. per min. from the 1,000-ft. 
level to the surface (R. O. Camozzi). At Venterspost (South Africa) 
shaft sinking in dolomite was attempted, but at 97 ft. pumping capacity of 
30,000 gal. per min. failed to meet requirements. In 1911 some 5 million 
gal. per day was pumped. Shaft sinking was abandoned but revived in 
1934, when the shaft was successfully sunk by cementation. The 
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Cripple Creek district (Colorado) ranges in altitude from 9,000 to 10,100 
ft. with a medium- to high-relief topography. The annual precipitation 
is considerable and the ground structure favors fissure water. The mines 
are drained by tunnels and by pumping, the amounts of water varying 
over a wide range. Discharge of the Carlton tunnel varied from 8,500 to 
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Fria. 101.—Vertical projection and section of Cripple Creek district. (Hng. Min. Jour.) 


25,000 gal. per min. The amount of water pumped at Cripple Creek in 
1936 is shown in Table 30A, and Table 31 gives data on the drain tunnels 
constructed at various times in the district. Figure 101 is a longitudinal 
section showing the vertical position of the drain tunnels. 


Tassie 30A.—CrIPPLE CREEK (COLORADO) PumpPING In 1936 


Mine Type of pump |Pumping head, ft.| Capacity, g.p.m. 
VANTEED Sing chepidt oto oO ue Gate PKR PRORED RCI ne ae nen ae Centrifugal 400 3,000 
GLESSODR ecole Acie ceeehs sxntehol £24 ..... | Air-lift 127 2,100 
NAN CLIC AL OMeAA ran utemun Sree cent tarp npc Centrifugal 125 1,400 


Fortunately, in most cases of excessive water the continuous flow 
after the initial drainage of a mining area may be only a fraction of the 
dewatering stage. Most high-altitude mines and those in natural 
drainage basins have a water problem, as do also mines in highly fissured 
and faulted areas subject to rainfall of ordinary proportions. Structural 
geology, type of rocks, topography, and precipitation need to be studied. 
Even under desert conditions accumulated fissure water may occur in 
large quantity. The Pennsylvania anthracite mines have a serious water 
problem, the average being estimated about 11 tons of water pumped to 
1 ton of coal mined; bituminous mines in the same state average about 
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2 tons of water per ton of coal mined. In the Picher area of the Tri-State 
zine district during a period of heavy precipitation in 1929, the estimated 
water pumped exceeded 10 billion gal.; the average annual pumping costs 
over a 5-year period, 1928-32, were about $130,000 (E. W. McCuskey). 


TaBLE 31,.—CripPLE CREEK Drain TUNNELS 
nn ne EEE 


Tunnel Date ee ree Discharge, g.p.m. 
Blue Bellic Bamtasacewet cei sicasiycke crore mays Se | rare i 9,342 200— 300 
Opheliatie aa. caer he re es ene ins 1896 9,275 | 1,000- 3,000 
Standard Gch 8 cusoee Sachets: cele Sane eee head 1898 9 ,034 1 ,000—12 ,000 
EG SPASOMNRS eee Richer Gaare cae eRe Map Soke eee N ee 1902 8,790 1,800— 6,800 
ROOREVELLe RE te ic oN. ey 1907218. | $20200 1 ..= -16 ,000 
Carl GO TPR ns Fes hes ar cetn ICE Ls Sc eae Se 1941 6,893 8 ,500—25 ,000 


«Length, 26,000 ft. 
> Length, 32,267 ft., grade 0.3 per cent. 

Properties of Water.—Although the specific gravity of water is unity 
at 39.3°F. its maximum density, it is usually assumed as unity in cal- 
culations. The viscosity of water is greatest at 32°F. and becomes 
less as its temperature increases, but this decrease is seldom taken into 
consideration. The unit taken in drainage calculations is the U.S. 
gallon of 231 cu. im., weight 8.342 lb.; the imperial gallon containing 
277.41 cu. in. and weighing 10.02 lb. is used in British mining practice. 

The corrosiveness of water is important, as this property influences the 
selection of materials used for pumps, pipe, valves, and fittings. Analysis 
indicates the degree of acidity or alkalinity. Acidity is expressed in parts 
per million (p.p.m.) of calcium carbonate that would be necessary for 
neutralization; total acidity, p.p.m., represents free acidity and also that 
caused by iron salts in solution. The “pH” indicates the free hydrogen 
ions in solution. Neutral water has a value of 7; less than 7 represents an 
acid condition and more than 7 an alkaline condition. The numbers 
expressing pH are the logarithms of the reciprocals of the normality of H 
ions in solution. Standard methods of water analysis are used. Salts in 
solution are of interest as they may form incrustations in pipes. Sus- 
pensions such as sand or grit may cause abrasion and wear of pump parts. 
Most mine waters are acid in varying degree, especially those in sulphide 
and copper deposits. The principal incrusting salts are lime and iron 
compounds. An analysis of mine water is necessary, as well as the deter- 
mination of the amount and kind of suspended matter. The desirability 
of conditioning water by settlement to remove grit, or by neutralization 
to reduce free acid and to precipitate iron compounds and copper, is 
often considered. 


Examples of acid waters from several coal mines in western Pennsy]- 
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vania are as follows: In parts per million, free acidity due to free sulphuric 
acid ranged from 270 to 3,200 with averages from 430 to 2,160; total 
acidity due to free acid and sulphates ranged from 2,180 to 17,200 with 
averages from 2,850 to 14,160. R. D. Leitch analyzed outflowing waters 
from a number of western Pennsylvania coal mines, and his results showed 
ranges in free acidity from alkaline up to 299 with total acidities reaching 
as high as 14,484 and pH of the acid samples less than 3.2. H. L. 
Lavender gives examples of mine waters in the Bisbee area (Arizona), 
where flows ranged from 98 to 452 gal. per min., free acidity 31 parts per 
million, and copper content from 68 to 1,800 parts per million. 

Lime has been used for the neutralizing of acid waters before delivery 
to the pump sumps. It is mixed in an agitating tank and the slurry is 
added in a small stream to the water as it flows to the sumps. An excess 
of lime is usually required, with the result that lime compounds accumu- 
late and ditches and sumps must necessarily be cleaned at frequent 
intervals. HH. L. Lavender described a method for handling acid copper- 
bearing mine water that replaced lime neutralization in some of the 
Bisbee mines. The mine water was passed through a series of water- 
proofed concrete boxes, each 10 ft. long by 5 ft. wide and 5 ft. high, divided 
into two compartments. Sloping bottoms and.a side door to each com- 
partment gave access for cleaning; a wooden grid was placed about a 
foot above the bottom. The boxes were filled with scrap iron. Per- 
forated lead pipes distributed air at 3-lb. pressure beneath the grid. <A 
small Root blower supplied the air-header pipe. The scrap iron precipi- 
tated the copper, neutralized the acidity, and also reduced the ferric salts 
in solution to a ferrous condition. Most of the copper was precipitated in 
the first three boxes. The principal labor required was for loading the 
boxes with scrap iron and for cleaning out the precipitated copper. 

Discharge of acid mine waters into small streams results in pollution 
that may be highly objectionable. Neutralization by finely divided 
limestone with subsequent settlement is probably the only effective 
method to control stream pollution caused by acid mine water. In 
some cases a separate plant may be necessary for this purpose. 

Corrosion-resistant metals for acid waters are available and are used 
in pump construction. L. Weaver lists the following as highly resistant: 
High-chrome steel and iron, high-silicon iron (silicon 14 per cent or over), 
lead-base alloys. Less highly resistant but used to a great extent are 
lead bronzes, bronze not containing zinc, and high-nickel copper alloys. 
Metals not suitable are gray iron, malleable iron, cast steel, brass or 
bronze containing zinc, and carbon and alloy steels other than high- 
chrome steel. 

Economics of Mine Drainage.—The removal of water from a mine 
entails expense. Much water pumped against a high head greatly 
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increases the mining cost. The flooding of a mine as the result of heavy 
storms or unanticipated water entrance may cause a mine to be aban- 
doned. The capital cost of the drainage equipment or facilities plus its 
operating and maintenance expense during the productive years of a mine 
divided by the tonnage produced should result in a low unit cost, or should 
not be prohibitive when compared to the ore value per ton. The opening 
of a mineral deposit is an adventure attended by many uncertain quan- 
tities, among which is sometimes the question of drainage. Its cost may 
be of major importance, though it is rarely a prohibitive factor. 

Where pumping may be necessary the capacity of the plant is great 
enough to handle the maximum flow of water that may be expected, but 
the interval of time required for this service is usually only a fraction of 
the total time of pumping. Capital input is thus much greater where 
peak flows are characteristic of the mine. Most mines have a peak flow 
period, and at such times greater attendance may be necessary. Mainte- 
nance is also much greater where pumps are driven hard. 

Power is usually the greatest cost item. The design and selection of 
high-efficiency pumping units, as well as a pipe system in which friction 
heads are a minimum, are of great importance where large quantities 
of water must be removed from a mine over a number of years. Where 
high heads must be overcome the importance of these requirements is 
enhanced. 

Concentration of pumping units reduces attendance labor and 
facilitates maintenance work. Small, scattered pumping units require 
a much greater proportion of labor relatively than do the centralized 
drainage plants. 

Depreciation, cost of replacements, repairs, and maintenance are 
properly added to direct operating costs. Well-designed and -installed 
drainage plants usually show diminished replacement, repair, and main- 
tenance costs. Consideration of power rates, peak loads, and other 
operating power loads may result in more even power demand with lower 
power costs. 

Engineering Data of Mine Drainage.—In the initial operations at a 
mine the specific data required for the solution of the drainage problem 
are not often obtainable, but as the development progresses careful 
observation may supply sufficient information to anticipate the major 
difficulties. The preliminary work which has been already suggested and 
which is largely of a geological nature can, however, be carried out. To 
this may be added the meteorological data, the average annual rainfall, 
the-seasonal rainfall, and the proportion of runoff. Topographic observa- 
tions can also be made. These would consist of the determination of the 
drainage area tributary to the ore deposit and the situation of the deposit 
in its relation to the possible drainage of the workings by a tunnel. 
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Work of this kind is reconnaissance work and requires the determination 
by aneroid of the elevations of the deeper topographic depressions within 
a radius of from 2 to 4 miles of the deposit. Where the relief is low a 
drain tunnel is obviously out of the question and the studies suggested 
are unnecessary, but with high relief much of value may be obtained by 
a general reconnaissance. The experience of neighboring mines, if there 
are any, should be carefully investigated. The specific questions for 
which an answer should be sought are: What is the annual inflow into 
the mine? At what time does the maximum rate of inflow occur and 
what isits duration? Is there danger of the penetration of zones contain- 
ing large bodies of water, and if so, what has been the experience of 
neighboring mines with respect to the quantity of water removed from 
such zones? Are neighboring mines in such a position as to reduce 
materially the amount of water required to be handled in the mine in 
question? Can careful mining avoid water zones or can advantage be 
taken of impervious or watertight formations? Can surface or under- 
ground water be sealed off or prevented from entering the mine? Does 
the water occur in the upper part of a mine or must water be’handled on 
each level? Is the ore zone a drainage channel? What are the limiting 
topographical conditions that would determine the height to which the 
water must be raised? Are the limiting topographic conditions such as to 
indicate the probability of a drain tunnel? What would be the practical 
difficulties of driving such a tunnel? What would be the cost and time 
required? What is the chemical nature of the water, 7.e., does it contain 
acid or incrustating substances? 

Rarely is the drainage problem capable of solution at the beginning 
of operations, but it keeps step with the development and from time to 
time comes up for general revision during the life of a mine. ‘Temporary 
appliances are supplanted by more permanent and efficient appliances 
and methods. Individual mines cooperate with other mines in the near 
neighborhood when the drainage problem becomes too large for a single 
mine to handle. Thus collective action may result in a more equitable 
division of the burden and may serve to prolong the life of an entire 
mining district that faces extinction by the encroachment of excessive 
quantities of water. 


METHODS OF DRAINAGE 


Drain Tunnels and Ditches.—The simplest method of drainage is by a 
tunnel so placed as to intersect mine workings below the lowest stratum 
of the ore bodies or, where the topography is such as to make this imprac- 
ticable, at some intermediate level that will provide drainage for the 
higher ore bodies and reduce the pumping head for the lower ore bodies. 
The length and cost of the drain tunnel as well as the vertical drainage 
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expectation are the important factors. Such tunnels may cost from $10 
to $30 per foot and extend in length up to 5 or 6 miles. They may also 
serve for development and haulage. Table 32 gives examples of drain 
tunnels. 


TABLE 32.—DRaAInN- TUNNELS 


ek Sn Ee aie ee Re 
Cross section 
Name Location Purpose Date Length, ft. 
Width, ft. | Height, ft. 
Sutrowee wska ee Nev. | DandT 1879 11 8 20 ,489 
Burleigh een cree ne Colo. | D and T 1868 6 7 3,000 
Garterts wire: rte te D and T 1897 5% 74 7,600 
@enbraliss Sena h2 sere e D and T 12 8 
5 vi 9,000 
susanneteie tect Pa. D ae se 12 8 20 ,000 
INewhouseyrtmr si. Colo. | D and T 1893 8 8 22 ,000 
Ontario sss sentetec ne Utah D 1888 5 7% 24,000 
Rawleys aacedentiek Colo. |DandD| 1911 8 7 6 , 235 
Roosevelt...#......: a D 1907 10 6 26 ,000 
AV GRO RE vacnieaucin ays ceentee: oe D and T 1895 7 Ga 23 ,800 
Carltontemerseie neta us D and T 1941 10 11 32 , 267 
Hi GOmti est eter acne Utah | D and T es 11 10 24 ,000 
Kane snoillitaecenee eae Peru. | D and T 1943 9 12 32,000 
WWeachvall eae vee pease Colo. | D Proposed 916 10 13,500 


Notre.—D = drainage; D and T, drainage and transportation; D and D, drainage and development. 


Excessive amounts of water indicate a tunnel where topography is 
favorable, but water flows of 500 to 1,000 gal. per min. may be and are 
frequently handled more economically by pumping. Time is also a 
factor. To drive a tunnel of several miles in length may delay the 
development of a mine for a considerable period. To pump 1,000 gal. 
per min. against a 100-ft. head requires 565.7 kw.-hr. per day at 80 per 
cent efficiency. At 1 cent per kw.-hr. the power cost is $5.65 per day 
per 100 ft. of head. Every effort is therefore made to reduce pumping 
heads to limits imposed by topographical environment. Thus the 
32,000-ft. Carlton tunnel in the Cripple Creek ‘district, which was con- 
structed to gain over 1,000 ft. of vertical drainage below an upper drain 
tunnel, effected an important economy in mining. In 1928, Cerro de 
Pasco started a 9- by 12-ft. tunnel (Mahr-Kingsmill) to drain its Moro- 
cocha mines, completing it to 32,000 ft. to gain 700 ft. below the 1 ,000-ft. 
level. The pumping station at this level had an installed capacity of 
30,000 gal. per min. against a head of about 400 ft., but the maximum 
capacity pumped for any length of time was 18,000 gal. per min. It was 
dismantled on completion of the tunnel. 

Surface drainage is provided at shaft collars by drain ditches so 
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placed as to take surface runoff away from the shaft mouth. Shafts in a 
flat or basin subject to overflow are protected by elevating the shaft 
collars above the anticipated water levels and sealing the upper part of 
the shaft from water infiltration. 

Open pits are drained by ditches where the topography permits. 
Drain tunnels may be necessary, or an unfavorable topography may 
require the installation of a pumping plant. Wherever possible, surface 
water is ditched away from the pit limits. 

By-passing and Sealing Off Water.—Heavy flows of water encoun- 
tered in tunnel driving are sometimes handled by deflecting the course 
of the tunnel around the wet area. Another method is to seal off the 
water by injecting cement grout through boreholes driven from the tunnel 
at various angles to intersection with the watercourses. The objective 
is to surround the tunnel section with an impervious cylinder within 
which the watercourses are filled with cement grout. A similar plan is 
followed in shaft sinking where uncontrollable amounts of water are 
encountered. 

Where known water zones neighbor mining areas, development is 
planned to avoid as far as may be practicable the intersecting of such 
areas. Where it is anticipated that intersection may be expected or is 
unavoidable, crosscuts are provided with bulkheads and pressure-resisting 
doors to control heavy water flows. Diamond-drill holes are drilled in 
advance of workings to determine the position of the watercourses. 

W. W. Weigel describes the practice in the southeast Missouri lead 
district of sealing water-charged fissures by slime-grouting through dia- 
mond-drill holes originally bored for prospecting purposes. Supple- 
mentary holes were also drilled across the strike of known channels. 
Flotation tailing used for this purpose was conditioned to contain 20 per 
cent solids, 8 per cent on 100 mesh, and handled in pipes at a velocity of 
150 ft. per min. or more. Channel zones were indicated from the dia- 
mond-drill records and by surface and geological examination. Up to 
the beginning of 1948 grouting had been run into 763 holes over an area of 
240 acres; 360,000 tons of solids were pumped. Weigel states that there 
has been no evidence of any surface water leaking into any slimed area 
after treatment. 

Many stream beds passing over mining ground are grouted where 
examination shows fractured areas. Other stream flows are flumed 
across, or the stream is deflected around the limits of the mining ground. 
Prevention of inflow is an important method of control and may lessen 
the quantity of water to be handled. A study of geological structure 
helps in the solution of the drainage of a mine. 

Bailing.—Small water flows encountered in prospecting and explora- 
tion work are removed by bailing. The water is allowed to accumulate 
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in the shaft sump, and part of the hoisting time is devoted to water 
removal. Bailing was at one time an accepted method for draining 
large mines, and shafts were equipped for this special purpose. It is now 
unimportant, its principal use being an auxiliary in dewatering flooded 
mines. 
Pumping.— Water occurring below the gravity drainage is collected 
in sumps and removed by pumping. Drainage points are distributed at 
advantageous points upon a level, and pumping stations are placed 


Il 


ITile Drain 


Depressed 
Gutter 


Hi-Grade = 
Up on Sides 


Fre. 102.—Water-rings in shafts. 


near the shafts. Auxiliary pumps discharge into gravity drainage lead- 
ing to the collecting sumps. Ditches and pipes are used. In shafts 
water rings collect the water, and pipes conduct it to the nearest sump. 
Figure 102 shows details of watet-ring construction. 

In deep mines water is pumped in stages ranging from 500 to 2,000 ft. 
per stage, and in very deep mines lifts of from 2,000 to 3,000 ft. are not 
uncommon. At the Magma mine (Arizona) a single lift against a 
3,304-ft. head is employed. High pumping heads involve high pressures, 
corresponding to which are heavy pumps, pipes, valves, and fittings. 
With a lower lift several pump stations in series may be necessary, each 
of which will require lighter equipment than the single-lift unit, but the 
aggregate cost may exceed the cost of the single-lift station with its heavy 
equipment. The single-lift station requires less attendance than the 
series lift. However, automatic pump control enables a series lift to be 
handled with about the same labor as a single-lift installation. Each 
deep mine is a separate problem in engineering and design. 


MINE DRAINAGE 241 


Capacity is obtained by one or more units at a given station. As 
_water inflow varies between a periodical maximum and minimum, the 
unit size may correspond to the minimum flow, other units being added 
to take care of the maximum and emergency flows. Usually all units are 
of the same size. Pumps range in capacity up to 1,500 to 2,500 gal. per 
min.; larger units up to 4,500 to 6,000 gal. per min. may beemployed 


TasLe 33.—Pumpine EquipMENT, 1942, Sourneasr Missourrt Leap District 


Division Stations Lea Be capacity, puns, Pumps Hp. 
Federal......... 4 12 3,800 | 24,600 10 20 1,175 
Leadwood....... 7 30 3,350 | 18,680 13 21 312 
Desloge....... ete 2 7 965 5,000 8 10 130 
Bonne Terre.... 2 6 875 3,600 10 13 115 
otaleeayte 15 45 8,090 | 51,880 41 64 1,732 


Norr.—All shaft pumps are centrifugal. 
Mines handle 20,000 gal. per min. against 465-ft. head for daily tonnage of 21,200, or 614 tons of 
water per ton of ore. (W. W. Weigel, 7.P. 1607, A.I.M.E.) 


where heads are about 500 ft. or less. Single-stage pumping is general 
in mines 500 to 1,000 ft. in depth. In some pump stations small pumps 
are installed to care for minimum and average flows, and one or more 
larger units are installed to handle maximum and emergency flows. 
Table 33 gives examples of pumping plants required in a large lead mine. 

Electric power has superseded steam and compressed air, although 
compressed air is still used for sinking pumps and for small auxiliary 
pumps in many instances. Alternating current of 2,200 volts or more is 
delivered to pumping stations through armored shaft cables to control 
panels and thence to the motors. In some cases transformers are 
installed underground and higher voltages are used in the shaft trans- 
mission cables. Small pumps are operated at lower voltages. Induction 
motors are usual, but some synchronous motors are used with large units. 

Four types of service may be provided—sinking, station, auxiliary, 
and dewatering of flooded mines. Specialized pumps are required during 
shaft sinking where water is encountered. Station service handles water 
inflow during mine operation. Auxiliary pumps remove water from 
low places in development workings and deliver to gravity drainage. 
Dewatering requires special pumping equipment and methods. After 
dewatering, during which a large volume of water may be removed in a 
relatively short period, the special equipment is removed and the normal 
and seasonal inflow is handled by permanently installed equipment. 

A drainage unit consists of a sump, settling basins discharging to the 
sump, and the pump or pumps with suction and column pipes, control 
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valves, motors, and control panels. The unit is placed close to the shaft 
in which are installed the column pipes extending to the surface or to the 
drain tunnel. Where highly acid or copper-bearing water is handled, 
tanks are installed for neutralizing and for precipitating copper before 
the water is discharged into the sump. Where muddy water requires 
clarification and grit must be removed, special settling sumps are pro- 
vided. Additional equipment is usually necessary for the removal and 
disposal of the sludge accumulating in these special settling sumps. 


MECHANICS OF PUMPING 


Work.—The mechanical work of elevating a given quantity of water 
a given vertical distance is readily computed by taking the product of 
the weight of water per minute and the vertical distance. This gives the 
actual work in foot-pounds per minute. The total work or input which 
must be supplied to the prime mover is the sum of the actual work, the 
work of friction in the suction and column pipes and fittings, the work 
of friction in the pump and prime mover, and the work necessary to accel- 
erate the given mass of water from rest to the maximum velocity of 
flow. The work of friction in the pipes and fittings is the product of the 
friction head and the weight of water per minute. Pipe friction depends 
on the length of the pipe and the velocity of flow. It is expressed in 
terms of feet of head, and tables containing its value are to be found in 
engineering handbooks. The frictional resistance caused by fittings and 
valves is also expressed in terms of feet of head or sometimes in length of 
straight pipe having an equivalent frictional resistance. The work is, as 
before, the product of weight and head. The work of friction in the pump 
is occasioned by the friction of the bearings, moving parts, and packing 
glands and the movement of the water through the pump. Where gears 
or silent-chain drives are used the work lost in the transmission of the 
power is added to the foregoing. While it would be practicable to figure 
out each loss, it is more convenient to group all losses together and 
express them as loss in efficiency. With the prime mover a similar pro- 
cedure is followed. 

Total head (H) may include the static head or vertical distance 
between water surfaces of sump and discharge, friction head of pipe, 
valves, and fittings (obtained from tables) in feet, and the velocity 
head, which is velocity in feet per second divided by 2g. Acceleration 
of gravity, g, may be taken at approximately 32 ft. persec. The weight 
of the water lifted per minute multiplied by the total head in feet gives 
the work performed in foot-pounds per minute. Dividing by 33,000 
gives the horsepower theoretically required. Multiplying by 100 and 
dividing by the efficiency factor in per cent will give the total estimated 
horsepower. Figure 103 gives the theoretical power requirements for 
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pumping 1,000 gal. per min. against a static head of 1,000 ft. under 
several conditions. 

Efficiency.—Efficiency is the ratio of useful work to input work 
expressed as a percentage. Over-all efficiency is defined in various ways 
and may take into account the power losses in each conversion from the 
source of power to the delivery of the water to gravity drainage. Usually 
over-all efficiency is figured upon the basis of the power delivered to the 
pothead at the shaft, the transmission losses to the pump motor, the 


Total head including-static head or lift, 
Velocity and friction head in feet - 
4-in.-2092.1 


ToetiO) gee lO sl 2174 13> 14 


Friction head, feet per 100 feet 


Fig. 103.—Influence of pipe friction on power required in pumping; 4-, 5-, 6-, 8-, 10-, and 
12-in. pipe is compared on basis of 1,000 gal. per min. and 1,000 ft. static head. 


power loss of the motor, the power loss of the pump, and the power 
required to overcome friction in pipes, valves, and fittings. Plunger 
pumps have a mechanical efficiency of 90 to 95 per cent, turbine pumps 
75 to 90 per cent, gear drives as high as 97 per cent, motors 90 per cent, 
transmission lines 97 per cent, and transformers 98 per cent. Over-all 
efficiency thus includes all the successive power losses and friction to be 
overcome. Over-all efficiencies range from 50 to 70 per cent. 

Pumps are operated at rated capacities for maximum efficiency. A 
pumping station operating at full capacity may be expected to give a 
high efficiency where mechanical and electrical design are good, but at 
partial capacity the efficiency may be considerably less. 

The capacity of a plunger pump is from 90 to 98 per cent of its plunger 
displacement, the loss in efficiency being due to the time element in the 
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closing of the valves and to some leakage at the 
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(Prescott Steam Pump Co.) 


Fia. 104.— Sinking pump. 
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TYPES OF MINE PUMPS 


Plunger Pumps.—Plunger or reciprocating pumps include sinkers for 
shaft work and vertical multiplunger and horizontal single or duplex units 
for station service. The sinking pump (Fig. 104) is a double-acting 
outside-packed plunger, driven by a compressed-air cylinder in line with 
the water end. Single and duplex units, de- 
signed for capacities of 50 to 1,000 gal. per 
min. and heads from 200 to 400 ft., are ob- 
tainable. The pump is compact and is sup- 
ported by hangers from the shaft timbers. 
It is raised and lowered by chain blocks. 
Pump valves are flat rubber disks seated by 
spiral springs. A telescopic column pipe re- 
duces the frequency of column-pipe addi- 
tions, as the pump must be kept within 
suction distance of the shaft bottom. The 
suction pipe is a reinforced rubber hose with 
a foot valve and basket at its inlet. Sinking 
pumps are subjected to the severest service, 
so that reserve pumps are necessary. A 
motor-driven multiplunger pump designed 
for sinking service is also in use. Vertical 
motor-driven centrifugals of the sinker type 
(Fig. 105) have superseded plunger-type 
sinkers to a considerable extent. 

The multiplunger pump consists of three 
or five single-acting plungers driven from a 
single crankshaft by motor and gears. It is 
arranged as a compact vertical unit with 
suction and outlet valves-and suction and | __. a a | 
outlet pipes, with the motor carried upon an Fia. 105.—Vertical shaft pump. 
extension of the base plate. In one design CR AMEE ROD 
the motor is placed above the crankshaft, providing a safe position in 
the event of flooding of the station. At one time belt-driven pumps of 
this type, arranged horizontally, were used. Pumping heads of multi- 
plunger pumps range from 400 to 1,000 ft., plunger speeds from 80 to 100 
ft. per min., and capacities up to 600 gal. per min. Formerly pumps of 
this type were widely used for station service. 

The horizontal duplex double-acting plunger pump driven by a gear 
between the two halves of the pump, with pinion, shaft, and motor 
compactly placed at the end, is used where high heads, continuous serv- 
ice, and high efficiencies are required. The high-efficiency multistage 
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centrifugal competes with this type and has the advantage of greater 
compactness and much less weight for equivalent pump capacity. 
Plunger speeds are from 200 to 400 ft. per min.; valve chambers contain 
relatively small-diameter inlet and outlet valves where high pressures 
prevail. Air chambers, suction chambers, and alleviators are used. At 
Magma (Arizona) pumps of this type are of 600 gal. per min. capacity, 
designed for a 3,465-ft. head (1,500 lb. per sq. in.); they have 614- by 
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Fig. 106.—Longitudinal section of six-stage centrifugal pump. (Ingersoll-Rand Co.) 
24-in. center-packed plungers, driven through herringbone gears at 
48.5 r.p.m. by a 600-hp. a-c, 3-phase, 25-cycle, 485-r.p.m., 2,200-volt 
motor with a flexible coupling interposed between the motor and the 
pinion drive. At Ajo (Arizona) similar Prescott pumps are used for 
water-supply service against a head of 1,176 ft. (710 lb. per sq. in.). 
These have 514- by 24-in. center-packed plungers, a speed of 100 r.p.m., a 
500-hp. synchronous motor, and valves of the pot-form type. The 
dimensions of the Ajo pump are as follows: Width 13 ft. 10% in., length 
35 ft. 6 in., and height 12 ft. 3 in. 

Centrifugal and Turbine Pumps.—The centrifugal pump consists 
of an open or enclosed runner surrounded by a casing with a tangential 
discharge outlet (volute) and a water inlet at the center. The turbine 
pump, in principle the reverse of the water turbine, has a shrouded 
impeller receiving the water at its center. A diffusion ring containing 
vanes surrounds the impeller and directs the impeller discharge into a 
circular casing, which discharges into the eye of the next impeller in 
series. The diffusion ring converts the high-velocity discharge of the 
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impeller into pressure head. A crude two-stage vertical centrifugal with 
vanes between stages, the forerunner of the modern stage turbine pumps, 
appeared in 1884. The modern unit consists of two or more stages with 
the impellers mounted upon a common shaft. The terms ‘‘centrifugal”’ 
and “‘turbine”’ are used more or less loosely but the former refers to the 
volute and the latter to the diffusion vane. High speed is characteristic 
of all centrifugals. 


TaBLe 34.—Moror Pumps, CENTRIFUGAL 
(Ingersoll-Rand) 


Dimensions, in. | 
G.p.m. | Head, ft. Hp. Discharge,| Suction, Weight, 
in, in. lb. 
Width Length Height 

125 100 5 1.5 2 95¢ 26 11% 250 
100 250 15 1.5 D5 Ui obea 3184 14144 | 475 
200 225 20 2 3 14% 337% 1534 550 
550 100 20 3 4 17% 3636 18144 775 
50 325 10 le 215 15 373 1644 525 
100 425 20 1.5 2.5 15 4058 1714 675 
225 250 20 2 3 16 4036 18% 700 
hss 425 30 2 3 16 457% 19% 900 
200 500 40 2 3 16 4714 207% 1,025 


Norgr.—Pumps above the line are single-stage; those below are two-stage. 


TasLEe 35.—H.M.T. Pumrps, Dirruser Typr 
(Ingersoll-Rand) 


el ees | aT a  aed cag eg 
5S 5 4 2916 74% 32144 4534 
3 6 4 34 71 4416 5314 
3 8 5. 38 7416 48 54 
3 10 6 44 88 514 58 
3 12 8 52 97 6134 6214 


Pumps of this type develop thrust along the axis of the driving shaft. 
In the single-stage centrifugal, thrust is balanced by taking water on both 
sides of the impeller; in the multistage pump, thrust is absorbed by special 
thrust bearings at one end of the pump or by dividing the unit into two 
parts. In the latter method the stages on one side balance the thrust of 
the stages on the other side, and a crossover between the parts carries the 
the pressure water from one part to the inlet of the other part, the outlet 
of the latter connecting with the discharge pipe. Figure 106 shows a 
six-stage pump. 
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Pump bearings are of either the ball-bearing type or the self-aligning 
sleeve type. 
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Fig. 107.—Vertical sec- 
tion of Byron Jackson sub- 
mersiblepump. (A.J.M.E.) 


Lubrication is by grease or oil, depending on the design of 


the bearing. One or two stuffing boxes are nec- 
essary. Usually these are water-lubricated, 
receiving their water supply from the pump or 
from an outside source. Wearing rings, one 
attached to the impeller and one to the casing, 
take up the wear and provide a seal between 
the stages, the clearance between the rings de- 
termining the effectiveness of the seal. A split 
type of stuffing box facilitates repacking. 

Single, double, and multistage centrifugals 
are used widely for mine-drainage service. — 
Compact motor-pump units of the single-stage 
design are manufactured in capacities up to 500 
gal. per min. and heads up to 200 ft.; two-stage 
units have capacities up to 200 gal. per min. 
and heads up to 500 ft. Multistage pumps are 
used for higher heads and capacities up to 1,500 
to 3,000 gal. per min. Tables 34 and 35 give 
dimensions. Pumps have been constructed for 
heads up to 3,000 ft. Most of the larger multi- 
stage units are constructed in two parts with 
the motor between and. a crossover between the 
parts. Vertical single- and two-stage pumps 
are frequently arranged in a steel frame with 
vertical motor drive and are used for shaft sink- 
ing. A special design of motor, leak-proof and 
protected by drip shields, is required for this 
service. 

The deep-well type of turbine is designed 
for vertical operation. It consists of a series of 
impellers mounted upon a vertical shaft with 
individual bowls or casings attached to the 
lower end of the discharge pipe, within which 
the vertical shaft extends to the discharge point, 
where the motor drive is placed. The vertical 
shaft is supported at intervals of 5 to 10 ft. by 
bearings supported by spiders. The column 
pipe is in 10-ft. sections joined by screw 
couplings. Bearings are rubber-lined and 


lubricated by the water or are of the oil-lubricated sleeve type, in 


which case an inner pipe surrounds the shaft and its bearings. 


The 
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motor is built into the discharge end. The pump operates submerged. 
A. close-coupled deep-well turbine consists of the bowl assembly attached 
to a short length of pipe that extends below the discharge head. The 
discharge of the pump is connected to a column pipe. Commercial 
sizes are 6, 8, 10, 12, and up to 20 in. or more, this dimension referring to 
the limiting well diameters within which the pump can be used. The 
maximum head against which the pump will operate is determined by the 
number of stages or bowls and by the impeller design. Large pumps of 
this type will give a lift ranging from 80 to 140 ft. per stage with closed 
impellers. Maximum head is about 800 ft. Table 36 gives sizes and 
capacities. 

The “submersible”? deep-well turbine (Fig. 107) is a deep-well unit, 
the shaft of which is driven by a motor below the intake of the pump. 
The pumping unit with its motor is attached to the column pipe. Both 
motor and pump are submerged. A power cable of the submarine type 
extends along the column pipe to the motor. The long vertical shaft is 
avoided. A mercury seal protects the motor from water entrance. The 
deep-well turbine of the shaft type appeared in 1901, and the Byron 
Jackson Company introduced the submersible in 1940. Both types of 
pumps have been used for unwatering service and have advantages over 
the air lift. Their efficiency is as high as that of the ordinary centrifugal 
stage pump. The short-coupled deep-well turbine has been used for 
station service but requires plenty of headroom for handling. 

Tasie 36.—Tyepn K Drep-we__ TurBINE Pump 
(Byron Jackson) 


Number CUO oe seer Bake |. leanne al ect sae. 
0K 74 125-500 8 10 
1K 9% 150-750 10 12 
2K Be ee 250-1, 350 12 14 
3K 13% 400-2 , 200 14 16 
5K 1514 500-3 , 300 16 18 


Smal] sump pumps (sponges) of the centrifugal type, designed for 
operation by a compressed-air vane motor, are applicable for shaft sink- 
ing. Capacities are from 10 to 200 gal. per min. against heads of 10 to 
250 ft. The pumping unit, which is self-contained, rests upon the shaft 
bottom, and is provided with a strainer. It will drain a sump to within 
3 in. of the bottom. Two units are sometimes coupled together, making 
a two-stage unit. An alternate drive is an electric motor. Such pumps 
are designed to handle sand and coarse particles up to 4 in. in diameter, 
discharging into a sump where settlement removes this material before 
the water goes to the pump sumps. 
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Air-lift Pump.—The air lift is the simplest form of pump. It consists 
of a foot piece, a column pipe within which is an air pipe, and a discharge 
end. The compressed-air pipe extends into the foot piece and is perfo- 
rated over a short length near the lower end. The column pipe usually 
consists of successive sections of pipe of increasing diameter from the 
bottom, being largest at the discharge end. A considerable submergence 
is necessary for operation. The compressed air divides and lightens the 
water column, resulting in an upward flow of water mixed with air. The 
pump has a low efficiency, which increases with an increase of the sub- 
mergence relative to the lift. Lift is the vertical distance between dis- 
charge and water surface; submergence is the depth of the foot piece 
below the water surface; per cent submergence is the ratio of submergence 
to the sum of lift and submergence times 100. A submergence of 25 
per cent gives a lift 3 times the submergence and is close to the practicable 
limit; a submergence of 60 per cent may give an efficiency of 40 per cent. 
To start the pump, the air pressure must be sufficient to overcome the 
head of water within the column. Relatively large capacity, simplicity, 
and low maintenance are the advantages of this pump. It has been used 
in partially unwatering mines where the shaft is clear and the necessary 
submergence can be obtained, but other pumps are necessary to complete 
the job. It is best suited to a vertical position, though, as in the unwater- 
ing of the Idaho-Maryland mine, it can be used on inclines from 70 to 
62.5 deg. In the Transactions of the A.I.M.E., vol. 63, p. 421, S. F. 
Shaw gives considerable information about the use of air lifts and in a 


Taste 37.—Tersts at Maximum CApPaciry 


(8. F. Shaw) 

cee tne ep Tatnfta. 1.7 Senco. gid | Pager gigs osboaea ll ce Cat eee ee 
10 431 188 30.4 1,238 | 2.825 | 28.5 
6-634 499 243 33.0 358 | 2.40 38.7 
6-634 657 214 24.6 219 | 3.90 33.1 
814-1214 548 230 29.6 1,100 | 2.38 44.2 
814-1214 839 192 | 18.6 545 | 4.71 36.5 
7-10 846 214 | 19.9 425 | 4.47 40.0 
7-10 1,001 89 7.9 153 | 14.9 20.0 
6-10 1,097 225 17.0 236 | 6.84 31.2 


later article (1943) the same author gives the results of tests made under 
different conditions. Table 37 summarizes some of these tests. The air 
lift has at least two possibilities, one for partially unwatering flooded 
mines where access is possible through a shaft and the other by the use of 
deep boreholes as an aid to the unwatering of formations in advance of 
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development. In conjunction with other methods of pumping, the air 
lift may be an important aid in emergencies. ¢ 


PUMP STATIONS AND ACCESSORIES 


The Sump.—A sump is a catch basin that receives the gravity drain- 
age and supplies the pump inlets. It also serves as a settling basin to 
remove sand and sludge from the water before it is delivered to the pumps. 
Screens and gratings may be interposed between drainage ditches and 
sumps to remove trash and wood from the water. To reduce pump 
maintenance to a minimum, clean water is necessary, and for this reason 
the design of a sump (Fig. 108) should provide a sufficient settling capac- 
ity with baffles to still and break up currents as much as possible. 


Distributor-screen 


Be ST te — pie 5 Ft a 
raising current 
0:| Velocity I3 171. PS. 
a over 50sq.ft ; 

Y::| particle size quartz 
the] 0/5 17m. diameyer 
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Fre. 108.—Sectional view of sand trap and sump. 


One design provides for fluming the water from the screens to several 
vertical pipes, which discharge at a depth below the surface of the settle- 
ment basin equal to one-half the depth of the sump; the overflow of the 
basin is to the pump sump. In another, the flow from the screens is 
received into a distributing box across the width of the settling sump. 
This box discharges over a lip into the sump and against a baffle board, 
which directs the incoming water toward the bottom of the basin and 
prevents surface currents; water overflows into a series of narrow launders 
that deliver to a collecting launder, the narrow launders skimming off 
the surface water along their length. By distributing the drawoff 
uniformly over the surface and reducing the surface currents to a mini- 
mum, an effective separation can be obtained. In one South African 
sump design, six settling basins, each having an area of 825 sq. ft. and a 
minimum depth of 9 ft., cleared the water for a pump station of some 
6,000 gal. per min. capacity. The total skimming area was 4,950 sq. ft. 
and the volume 44,550 cu. ft. The bottom of each settling sump was 
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sloped on a 3.1 per cent grade to a sludge outlet that connected with a 
tunnel beneath leading to a sludge sump. Unlike this design, most 
sumps have inadequate settling capacity. 

The sump is placed below the level of the pump station and in close 
proximity. The suction pipe extends to the pump station with take-offs 
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SECTION A-A 
Fia. 109.—Plan of sump and pump station at High Ore shaft, Butte. (M. McCanna, 


Compressed Air Mag.) 
to each pump, or a narrow ditch extends from the sump along the axis 
of the station, separate suctions extending into it from each pump. As 
suction lift is limited to about 15 ft., the depth of the sump and its con- 
necting ditch is limited to 15 ft. below pump inlets. Two other arrange- 
ments are advantageous where heavy flows have to be handled. In one 
(Fig. 109) the pumps are placed below the level of the bottom of the sump 
and receive gravity flow through their inlets. A pipe and valve control 
the flow to each pump. In the other the main sump is placed below the 
pump station and a smaller sump is placed above to afford pressure flow 
to each pump. Auxiliary low-head pumps of the vertical type deliver 
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the water from the main sump to the auxiliary sump. In still another 
arrangement the lower main sump delivers to a ditch so placed that verti- 
cal low-lift pumps deliver to the suction of each main pump. The low- 
lift pumps are of the submerged type. The gravity flow, or low-lift 
pump to pump, is necessary where hot water is to be handled. 

Drainage must be almost continuous in wet mines. Pumping capac- 
ity is divided between two or more units, so that repairs may be made on 
one unit while the other is operating. Provision is also made for an 
auxiliary power source. As an additional precaution, sumps are designed 
to have sufficient capacity to allow a considerable time interval before the 
flooding of a pump station can take place. In some mines the pump 
station is placed above the lowest level, which in emergencies can be 
flooded. Where flooding is anticipated, development openings at. pump 
stations are provided with pressure doors and dams with valved outlets, 
so that sudden water flows can be shut off and controlled. In a few 
cases a drainage shaft and its pump stations are sealed off from lower 
development workings by dams, pressure doors, or concrete bulkheads. 

Sump capacity at the lowest pumping station should be large where 
relatively small flows are current. At least an.8-hr. flow should be pro- 
vided and a 24-hr. capacity may be desirable. Large sump capacity has 
the advantage that pumping can be concentrated on the off-peak power 
loads of the mine plant. Under such conditions pumping time may be 
from 8 to 16 hr. and the pumping capacity arranged accordingly. Table 
38 gives sump capacities for several flows. The cost of sump excavation 
varies according to conditions but may be 10 to 20 cents per cubic foot. 
Considerable cost can go into the excavation of a large sump. It is for 
this reason that unneeded development workings are used for sump space 
wherever possible. 


TaBLE 38.—Sump VoLUME 


Sump capacity, cu. ft. 
Flow, Weight of Cu. ft. 
g.p.m. water, lb. per min. 
8 hr. 16 hr. 24 br. | 
100 834.5 1B. BY/ 6,417 12 ,834 19,251 
500 4,172.5 66.85 32,085 64,170 96 , 255 
1,000 8,345.0 133.70 64,170 128 ,340 192,510 


To facilitate sludge removal, sump capacity is divided so that one 
part can be decanted and the sludge removed. Some sumps are designed 
with a bottom drawoff; the sludge is piped to the shaft, where it is dis- 
charged into a skip for removal to the surface. In other cases a dia- 
phragm pump is installed and the sludge is pumped into mine cars. 
Removal by means of a scraper and loading into mine cars is another 
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expedient. In some South African mines the sludge is pumped by high- 
pressure plunger pumps after dilution to about 4 per cent solids. In 
other cases the diluted sludge is pumped by one of the station pumps, 
the clearances of which have been considerably worn. 

Suctions.—Where suction pipes connect with a suction header, each 
suction pipe is provided with a gate valve. The end of the suction pipe 
may be provided with a basket and inlet valve where each pump has a 
separate suction. Velocity of flow in suctions ranges from 5 to 10 ft. per 
sec. Practically all pumps have to be primed or filled with water before 
they can be operated. A flooded suction or a supply above the pump 
inlet is provided wherever possible. A vacuum pump, hand- or power- 
operated, is part of the pump station equipment where gravity flow is 
absent. Where a suction lift prevails, suction lines are designed in as 
straight a course as possible and all air pockets are avoided; tight con- 
nections are essential. Where a foot valve is used on the suction, a 
convenient expedient for pump priming is a small by-pass pipe and valve 
between the column pipe and the suction above the foot valve; water is 
drawn from the column to fill the suction pipe and the pump. 

Columns or Discharge Pipes.—Discharge pipes of centrifugal pumps 
are connected to a horizontal main, which connects to the shaft columns 
or pipes. Each pump discharge is provided with a check valve and gate 
valve so that the unit can be cut out, the check valve being necessary to 
prevent any backflow through the pump. ‘The horizontal main varies in 
diameter from a minimum required for one pump to a maximum required 
by the aggregate discharge of all the pumps upon the main. A gate 
valve is interposed between the header and the column pipe. Two or 
more shaft columns are installed and are so connected with the horizontal 
main as to permit the cutting out of any one for repairs. Column pipes 
are welded into sections connected by flanges and are supported by a cast 
steel tee, which is carried upon I beams set in concrete across the pump 
compartment of the shaft. In lifts of 1,000 ft. or more, expansion joints 
are sometimes placed in the pipe line, dividing it into an upper and lower 
section, the upper section being carried upon bearers above the expansion 
joint. Columns are held in place by collars bolted to the timbers at 
intervals. In some high-lift installations the weight of the entire column 
is carried by the tee at the bottom and no expansion joints are used. In 
stage pumping where the lower column connects directly to the pump 
inlet, an expansion joint of some kind is essential. In some instances 
hangers are placed in the shaft and are designed to take up part of the 
weight of the column. 

Strength, corrosion resistance, weight, and cost determine the pipe 
material. Standard, extra-strong, and double extra-strong steel pipe 
are perhaps the most commonly used materials. However, wood-stave, 
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wrought-iron, and cast-iron pipe and concrete-lined raises are sometimes 

used. Wood-stave pipe is especially corrosion-resisting, but redwood is 

limited to heads up to 300 ft. and fir up to 400 ft. Wrought iron and cast 

iron have good corrosion-resisting qualities. Various pipe coatings and 

linings are in use to increase corrosion resistance. These are pipe 

enamels, asphalt paints, wood, rubber, lead, and cement linings. Proba-_ 
bly wood and lead are most generally used as pipe linings. At Rio Tinto, 

Spain, lead-lined cast-iron pipe and rubber-lined steel tubing are used 

for handling acid mine water. 

Pipe sizes are approximately the inside diameters for standard steel 
pipe, but corresponding inside diameters are somewhat less for heavier 
grades of pipes. Pipe sections are joined by welding, and at intervals 
flanged sections join the welded sections. Victaulic couplings are also 
sometimes used. 

Maximum quantity, gallons per minute, and allowable limits of 
friction head determine pipe diameter. The smaller the diameter, the 
greater the velocity for a given flow and the greater the friction head, 
expressed as loss of head per 100 ft. of pipe. As the diameter of the pipe 
is increased there is relatively much less loss of head. Thus a 4-in. pipe 


Taste 39.—Pier Fiow, GALLons PER MiInutTe—STanDarp STEEL PIPE 


Loss of head per 100 ft. Loss of head per 100 ft. 
Pipe in. — Pipe in. - - ~ 

Tit. 5 ft. 10 ft. 1 ft. 5 ft. 10 ft. 
1.5 8 20 28 5 160 380 550 
2 16 37 55 6 260 650 900 
2.5 25 60 85 8 550 1,350 1,900 
3 42 100 150 10 1,000 | 2,400 | 3,500 
4 90 210 320 12 1,600 3,800 5,500 


and a velocity of 5 ft. per sec. gives a 4.5-ft. loss of head, while a 12-in. 
pipe at the same velocity gives a 1.2-ft. loss of head per 100 ft., with about 
9 times the flow. Handbook tables give pipe sizes, capacities, and fric- 
tion losses for pipe, fittings, and valves. For a given flow and static 
head, comparisons may be made of the friction losses for different pipe 
sizes (see Table 39). 

For ordinary pumping, velocities of 16 ft. per sec. are taken, but for 
high heads and continuous pumping, such as would be required in a very 
wet mine, pipe velocities of from 5 to 10 ft. per sec. are in order. An 
increase in velocity gives a proportional increase in delivery but at the 
expense of greater power to overcome greater friction, At Magma 
(Arizona), column pipe consists of a lower section 10 in. in diameter and 
an upper section 8 in. in diameter for a lift of over 3,000 ft., the respective 
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velocities at 600 gal. per min. being 2.46 and 4 ft. per sec., and at 1,200 
gal. per min., 4.92 and 8 ft. per sec. At Morococha (Peru) a 48-in. 
concreted raise gave a velocity of 2.66 ft. per sec. at 15,000 gal. per min. 
and 5.32 ft. per sec. at 30,000 gal. per min. At the Carlos Francisco 
Mine (Peru) a 30-in. wood-stave and concreted raise gave 8.8 ft. persec. 
for a maximum pump capacity of 15,400 gal. per min. 


OOWZ 


ce 


(2) 


DO 


(2) 


Fic. 110.—Positions of pump chamber. 


The Magma pump column is an interesting example. This column 
is supported upon a 900-lb. cast-steel tee and extends vertically from the 
3,600-ft. level to the 374-ft. level; the bottom portion consists of 830 ft. 
of 10-in. pipe, 80.1 lb. per ft., 0.75-in. wall; the next is 840 ft. of 8-in. 
pipe, 43.38 lb. per ft., 0.5-in. wall; and the top section is 1,523 ft. of 8-in. 
pipe, 28.55 lb. per ft. and 0.322-in. wall. All sections consist of welded 
pieces joined by steel flanges, the two lower sections being of 60-ft. pieces, 
the top one of 200-ft. pieces. Flanges are male and female with corru- 
gated copper gaskets. The pipe was received in 30-ft. pieces and welded 
into the longer lengths at the surface. Total weight of the column is 118 
tons. No expansion joints were used. Each pump unit has a capacity 
of 600 gal. per min. The pipe is held in place by steel clamps and guides 
at spacings of 20 to 30 ft. 

Suction pipes and headers are independently supported so as to 
remove strains from pump casings. They are provided with drains for 
emptying and cleaning. By-pass pipes are provided for plunger pumps 
so as to reduce starting loads on motors. All piping runs are designed 
with the fewest possible changes of direction. Welded elbows and other 
fittings have displaced cast-iron fittings in headers. 

Pumping Stations.—Present practice favors a narrow pump room 
in which centrifugal pumps can be arranged as a single or double row with 
short branches to an overhead header or main connecting to the column 
pipe. The room is placed in proximity to the pump compartment of the 
shaft (Fig. 110). Connections with the sump are by suction header, 
ditch, or tunnel. In the High Ore pumping station (Butte), crosscuts 
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Fre. 112.—Plan and section of part of the Magma pump station. (£. #. Slack, Eng. Min. 
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connecting with a ring sump surrounding the station are closed by con- 
crete dams through which the inlet pipes extend. 

The width of the pump room is such as to give access to the pumps and 
sufficient floor area for dismantling. An overhead crawl-and-chain 
block or a traveling crane is placed above the pump line. The narrow 
width simplifies ground support where this is necessary. Concrete 
lining, guniting, and timbering are used according to conditions. The 
sealing off of drip water by guniting, tight lagging, or other means is 
desirable. The number of pump units and the area necessary for the 


+-Suction of vertical 
| turbine pump 
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Plan Showing Suction Piping 


Tia. 113a.—Pump station, Morococha unit. (A. C. MacHardy, Eng. Min. Jour.) 


electrical control panels determine the length of the station. Where 
tight ground strong enough to support itself over a wide span without 
timbering is available, the pump units are arranged transversely to the 
long axis of the room. In large stations the height of pump rooms is 
from 12 to 15 ft. in the clear. Figure 111 shows several arrangements. 
Figure 112 is a plan and cross section of the Magma pump station. Fig- 
ures 113 and 113a show large stations designed for centrifugal pumps. 
Provision for ventilation is necessary where the station is a large one. 
Motors discharge a considerable amount of heat in proportion to the 
power used. A kilowatt-hour is equal to 3143 B.t.u., and if 10 per cent 
is dissipated as heat the result is 314.3 B.t.u. Motors would thus 
liberate 31,430 B.t.u. for each 100 kw.-hr. The maximum power 
demand in a given station would determine this heat factor. Large 
pump stations are best ventilated by a raise connecting with the return 
air of the mine. Where this is impracticable, fan ventilation becomes 


necessary. 
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Some examples of pump station dimensions are given in Table 40. 


TasLe 40.—Pumep SratTion DIMENSIONS 


Dive ane Cu. ft. 
Mine Cap. | Ng & type | Floor grea, | ____"_|Volumey/ ngs, 
Nie Ue ae, H gal. 
Junction Shaft-(Ariz.)..| 4,750) 4 H-D [3,827 (each)| 43 89} 14 |32,250} 11.0 
Magma (Ariz.)........ 1,200) 2 H-D 2-2 ,440 21 38} 12 |29,280} 24.4 
Ajo CATIae)\ ine sont el: 987| 1 H-D 983 19 A47| 15 |13,395] 13.5 
Water supply......... 1,325| 1 W-H-D| 983 19 | 47| 15 /18,395} 10.1 
Butte—High Ore] 6,000)44SC |2,832 28 | 118) 12 |33,984| 5.7 
(MLOnty Saree eee 20 
Carlos Francisco (Peru)|17,500| 7 4-SC  |2,970 18 | 165) 15 |44,550} 2.5 
Morococha (Peru)... . .|22,500)94-SC (4,223 20 | 170| 13 |54,899) 2.4 
plus offsets 
Randfontein Hstates 
(S. Afr.)..........] 5,764} 4 13-SC |3,440 43 80} 15 |51,600| 8.9 


Norre.—H-D is horizontal motor drive duplex double-acting pump; W-H-D is Worthington hori- 
zontal duplex; 4-SC is a 4-stage centrifugal; left-hand figures refer to the number of pump units. 
Pumping heads are Junction 2,200; Magma 3,304; Ajo 1,176; Butte 1,100; Carlos Francisco 550; Moro- 
cocha 520; and Randfontein 2,600 ft. ‘ 


Pumping capacity of a given station is determined by the average 
quantity of water per day to be handled and by the off-peak power hours 
available. Off-peak power may be available for 8 to 16 hr. per day. 
Average quantity. divided by off-peak hours and this by 60 would give 
the gallons per minute. The selection of the size of the pump unit and 
the number of units for handling the gallons per minute depend largely 
upon its. magnitude. The sump storage would also be a factor. <A 
thousand gallons per minute could be handled by three 500-gal. per min. 
units, one being kept in reserve; but with a large sump storage two 500- 
gal. per min. units might suffice. Maximum flow as contrasted with 
average flow would necessitate additional units sufficient to handle this 
and also to provide reserve capacity. An analysis of the water inflow 
over the year, taking years of exceptional rainfall into consideration, would 
be necessary to reach a decision. Water flow is also related to the extent 
of development. As the workings on a given level expand, an increased 
water flow as compared to that experienced when the level was started 
might reasonably be expected. Units of one size are installed, and in 
stage pumping the pump stations are standardized with reference to each 
other in respect to size of pumps, motors, and control equipment. 

Economic details of station design include the probable life of the 
station, the quantity of water (minimum, average, and maximum), the 
head or lift, the comparative size of stations for different types of pumps, 
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comparative costs of installation and operation, and efficiency for various 
types of pumps. Single-lift vs. stage pumping is also considered. 

Power Cables.—Power cables are installed in a shaft compartment 
and occasionally in a diamond-drill hole or other bore extending from the 
surface to the pump chamber. Marine-type cables are used. They are 
armored and are often coated with asphalt as an additional protection 
against water. For severe acid conditions an armored lead-sheathed 
cable is installed. Rubber-covered wire in conduit may also be used 
and is less costly. Insulation for 2,200 volts and higher is provided. 
All such cables are protected against overload and are grounded accord- 
ing to standard specifications for such installations. Two or more 
circuits are usually installed. Cables are supported at intervals of 15 ft. 
by wide clamps and at shorter intervals where ice accumulates in a 
shaft. Potheadsand junction boxes are protected against water entrance. 
Power cables terminate in switch panels, which connect with bus bars and 
individual motor controls of the manual or automatic compensator type. 

Automatic Pump Controls.—Electrical and mechanical control 
apparatus has been highly developed for motor-driven centrifugal pumps, 
with the result that the pump station and a number of pump stations in 
series can be automatically operated. Barrett, Haentjens and Company 
of Hazelton, Pa., developed much of the apparatus following the pioneer 
work of J. T. Jennings, about 1920, in the anthracite coal districts. The 
control units and accessories are now standardized equipment. It is to 
be expected that electronic controls may improve mechanical arrange- 
ments now in use. 

The arrangement of the automatic unit for a centrifugal pump oper- 
ating under a suction lift is shown in Fig. 114. The initiatory device is a 
float or floats in the sump that operate electrical switches for starting 
or stopping the pump according to the water level in the sump. The 
parts of the system are a priming pump integral with the suction pipe, a 
priming valve placed at the highest point upon the pump casing and con- 
nected with the priming pump through a vacuum breaker, a vacuum 
regulator connected to the suction pipe, and a pressure regulator con- 
nected with the outlet side of the pump. The float switch starts the 
priming pump, which exhausts the air from the pump casing and suction 
pipe, the rising water filling the vacuum breaker and lifting a float (in the 
vacuum breaker) which closes the vacuum-breaker switch and at the same 
time starts the pump. During priming, air is drawn through a number of 
small holes in the stem of the priming valve. They offer little resistance 
to the passage of the air, but as soon as the pump starts, the resistance to 
the passage of water is increased and the priming valve closes the con- 
nection between pump casing, vacuum breaker, and priming pump. 
When the pump is idle a spring keeps the priming valve open. The float 
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chamber of the vacuum breaker drains through an orifice so proportioned 
as to empty in about 15 sec. During this interval the pump comes up to 
speed and the pressure regulator closes the operating circuit of the pump 
motor; the emptying of the float chamber of the vacuum breaker opens 
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Fic. 114.,—Automatie pump control. (Barrett, Haentjens & Co.) 
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Fig. 115.—Automatic starting and stopping control for pump operating on high-level sump 
(Eng. Min. Jowr.) 
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its starting switch, leaving the vacuum breaker ready to repeat its func- 
tion. Both vacuum and pressure regulators control the operating cir- 
cuit of the pump motor: If the pump pressure falls below normal the 
pressure regulator switch opens and the pump motor is shut down; if the 
vacuum should rise too high, the vacuum regulator opens its switch and 
closes down the pump motor. 
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Fig. 115a.—Automatic pump control; priming is accomplished by a foot valve and suction 
lift; automatic pump control for high-level sump. (L. Weaver, Eng. Min. Jour.) 


The control panels (Fig. 114) include the priming-pump starter, the 
centrifugal-pump starter, and a relay panel. Time relays are used to 
limit the time during which the primer can run and the number of unsuc- 
cessful attempts to start the centrifugal. Too many of these results in the 
locking out of the unit and closing the alarm circuit. The alarm can be 
of any type and located at any point. In addition, lockout relays oper- 
ated by thermostats can be included to guard against overheated bearings. 
Means are provided also for manual operation. Gages for both vacuum 
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and pressure regulators facilitate the adjustment of these valves. 
Graphic recording instruments are also useful in recording the pump 
service. An alternate for the pressure regulator is a switch operated 
by the flap valve of the check valve: When the check valve is open, the 
switch closes the power circuit to the pump motor; when it is closed, the 
power circuit is open and the motor is 


To surface h 
700 9. p11. —*F shut down. 
ll ditt) 2 Figure 115 shows the arrangement 
a check & : 

ap ' FF vere ? for automatic control for pumps oper- 
Abt Sry — 4% ated under gravity head. A priming 
Bicaarg amen 44° float chamber is placed at a height to 
CH: correspond with the high-water level of 

valve, 


~ the sump, water rising through the in- 
= take and pump casing. A two-way 
priming valve lifts the priming float and 
vave: Closes the starting switch, bringing the 
900 \ pump motor up to speed. As the pres- 
sure builds up in the pump casing, the 
priming valve closes, the water in the 
float chamber draining off through the 
& two-way valve. The pressure regu- 
Vacuurn . ; 5 
breaker. valve + lator closes the power circuit and opens 
switch | the priming float switch, and now the 
Sire pump is in operation. A float and 
“"— switch can be used to shut down the 
ao unit when the water falls below a low 
5, level in the sump, or closing down may 
—— —-t be accomplished by the vacuum regu- 
Fre. pret anim con- lator. When the ares must be pasate 
trolled pumps in series, Burra Burra ated below gravity level, a connection 
a! aE (L. Weaver, Eng. ig provided for a vacuum pump. 
Switchboard panels and relays are pro- 
vided with motor starter, thermostats, and alarm circuits. Figure 115a 
shows later designs. 

Figure 116 shows an arrangement for the operation of three pump 
stations in series at the Burra Burra shaft of the Tennessee Copper 
Company. Two-stage balanced-unit 700-gal. per min. centrifugal 
pumps, driven by 150-hp. 2,300-volt motors, are connected in series 
from the 1,400-ft. level of the mine to the surface. The lowest pump 
is started by a hand compensator. Pumps on the ninth and fourth 
levels are provided with priming valves, priming chamber, and auto- 
matic starter; all pumps are provided with pressure regulators and 
flow switch with load relays for the ninth- and fourth-level compen- 
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sators. The flow switch is operated by the check valve and. shuts 
down the motor when the pump fails to deliver water. The pressure- 
regulator relay shuts down the motor if the discharge line breaks or the 
check valve sticks; the load relays function to stop the upper pumps if the 
lower one fails or to prevent the starting of the upper-level pumps until 
the lower pump has been started (L. Weaver). 


COST OF MINE DRAINAGE 


Drain Tunnels.—Gravity drainage is lowest in direct cost. Drain 
ditches are usually included in. the development cost; maintenance 
involves cleaning at intervals and is nominal in amount. Where drain 
tunnels are constructed, drainage includes the cost of the tunnel, its 
maintenance over the useful life of the tunnel, and interest and amortiza- 
tion charges. Tunnels cost from $10 to $50 per foot, depending upon the 
cross section, length, and nature of the ground penetrated. Long 
tunnels involve large capital expenditures. The Sutro tunnel (Nevada), 
20,489 ft. in length, is said to have cost $2,100,100. It was completed in 
1879. The cost of the Carlton tunnel (Colorado) was estimated at 
$1,000,000 for a length over 32,000 ft. It was completed in 1941. 
Amortization of the cost of this tunnel over an assumed life of 10 years 
would amount to $100,000 per annum, and the interest charge at 5 per 
cent would amount to $25,000 per annum; maintenance would be low but 
appreciable. : 

Modern methods of tunnel driving have greatly increased the speed of 
construction and lowered the cost to such an extent that very long tun- 
nels become financially possible. Tunnels such as the Carlton serve two 
distinct purposes, of which one is the dewatering of a vertical zone of 
considerable area, resulting in lowering development and exploration 
costs, and the other the drainage of the workings above the level of the 
tunnel during.its useful life. It also reduces pumping costs in the mining 
ground below the tunnel level. The appraisal of the advantage of a 
tunnel in a given mine is comparatively simple, but to appraise the 
advantages of a tunnel for a mining district and to apportion its cost 
among the operating mines and expectant areas is not easy. 

Cost of Pumping Installations.—Reciprocating pumps weigh more 
and cost more than do centrifugal pumps relative to capacity. Deep-well 
turbine pumps cost more than centrifugal pumps of similiar capacities 
and head. Motor capacity is from 1.4 to 1.5 times the theoretical power 
required for volume and head, and motor cost for motors 100 hp. or 
larger is approximately $8 per horsepower. ‘The greater the head, the 
greater the cost of the motor and pump but not in proportion; the greater 
the capacity of a unit the greater its cost but not in proportion. For 
example, a 1,000-gal. per min. centrifugal pump and motor for a 1,000- 
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ft. head would have an f.o.b. cost of about $5,450; a 2,000-gal. per min. 
pamp and motor for the same head would cost $9,650; while a 1,000-gal. 
per min. unit for a head of 2,000 ft. would cost $8,970. However, for 
pumps of 500 gal. per min. or larger and heads in excess of 500 ft., an 
approximate figure of 50 cents per 100-ft. head per minute-gallon can be 
taken in making estimates. The figures given do not include motor 
controls and are for cast iron, bronze construction costing about one- 
third more. 

In the previous edition a table was given representing a summary of 
costs of pumping installations. These costs ranged from $25 to $131 per 
minute-gallon for heads ranging from 500 to 1,500 ft. and for several types 
of pumps, steam to motor-powered centrifugal. The period represented 
1902-08. Table 41 gives the costs of three later installations. 


Taste 41—Cost or PumPpine INSTALLATIONS 


Cost, 
Mine Date G.p.m. Head, ft. Cost es cb pet 
Commonwealth (Arizona)*..| 1915 |. 1,500 485 |$ 13,729) $9.15 $1.90 
Magma (Arizona)®.......... 1939 1,200 3,304 | 120,000} 100.00 3.02 
Carlos Francisco (Peru)¢..... 1943 | 17,500 550 | 131,615 (paiey3 1.40 


@ Min. Sci. Press, Nov. 20, 1915, p. 786; one triplex and one centrifugal. 

b Eng. Min. Jour., October, 1939; two duplex double-acting plunger pumps, horizontal type. 

¢T.P. 1546, A.I.M.E.; seven 4-stage motor-driven centrifugals and accessories. The first cost of 
the pumps at the Carlos Francisco mine appears not to have been included. 


Taste 42.—SuMMARY OF PumMp-sTATION Costs AT CARLOS FRANCISCO MINE 


Cost of pump station and installation®................. $54 , 217.50 
Discharge columnminas seed.ne See ent cn eee ee tee 18,124.48 
Tnstallationtotds uno mo WO mee arin een ie Rectan ee 1,172.27 
A Elblaey oy bal aera nae iat eat Neen Rs kt ed eA ee ee 18,271.44 
Fin Pim Cerin ek Oe a ha ae css co apc neta ace ae ee 1,248.53 
Bulk hogds te. Sean ake noe Rte NA. Nebterrr sine 9 ee nee 19,066.56 
IDPH AS TCrOSSCUtSihas alee AER ee cere ok PEs ee roe ea 6,397.30 
Miscellaneous theta 7 hee rane sual bk Same atten cs ace ey ee ae 583.36 
Enlarging ditch amdiconcretings.. nn oi nee OS SEOs 
OWL Rl ciagh en Site: are aA ec eee ede nee $131,615.06 


« Approximate volume of station 44,550 cu. ft.; excavating costs 18 cents per cubic foot and timber- 
ing 9 cents per cubic foot, or total 27 cents per cubic foot; pump capacity 17,500 gal. per min. 


Cost of Pumping.— Direct operating costs of a pump station include 
power, attendance, lubricants, replacements, repairs, and supervision. 
In addition, amortization based upon cost and probable life and an aver- 
age interest charge of 2.5 per cent may be figured as a rental charge for the 
plant in any convenient time unit. It is seldom given in mine pumping 
costs. On the basis of 10 years’ operating life and average interest of 2.5 
per cent, the three examples given in Table 41 would approximate, 
respectively, $4.70, $41, and $45 per day. 
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In most cases, power is the principal operating cost. Next in order 
is attendance, with repair and replacements the least. Good design, 
installation, and maintenance, together with careful operation, result in 
low repair and replacement cost. Muddy or highly acid water gives 
greater maintenance and repair costs; clean water gives lowest mainte- 
nance. Stage centrifugals operating on clean water require opening up 
and inspection once in 6 months and on muddy water once in 3 months or 
oftener. Plunger pumps give less trouble than do multistage centrifugals 
on muddy water; sand in the water increases maintenance cost with 
both types of pumps but to a greater extent with the multistage. Tables 
43 and 44 give comparative costs and operating, power, and maintenance 
costs for centrifugal and triplex pumps. 


Taste 43.—ComMPARATIVE Cost AND OPprERATION—CENTRIFUGAL AND TRIPLEX 
(420,000 Gal. per Day, 1,000 ft. Head—ZL. Weaver) 


Gost Pump Annual Power Mainte- Total, 
° room charge® cost? nance cost¢ year 


Centrifugal, 1,000 g.p.m., $2,100.} $180.00) $364. 80/$5,856.20) $786.50 |$6,987.50 
2 Triplex, 500 g.p.m., $10,200. . .|1 ,433.60]1,861.38] 4,822.75] 613.20 | 7,297.30 


NEGRI AN CHUTE GS AN a A ee Fo eh en ill a $309. 80 


«Interest and amortization 16 per cent per annum. 
> Efficiency centrifugal 70 per cent, triplex 85 per cent. 
¢ $5 per million gallons for centrifugal and $4 for triplex. 


TasLE 44.—ComMPARATIVE Cost AND OPERATION—CENTRIFUGAL AND TRIPLEX 
(42,000 Gal. per Day, 1,000 ft. Head—ZL. Weaver) 


Pump Annual Power Mainte- Total, 


Cost room charge® cost? nance? year 


Centrifugal, 100 g.p.m., $1,225. .| $83.20 | $209.31 |$1,024.83] $76.65 |$1,310.71 
Triplex, 100 g.p.m., $1,550...... 183.60 | 277.88 | 512.42| 61.82 | 851.12 


MViGan ly RameneM Ces gaa sn. cin eer th eM cn hy Sats a Rt a REE NCA ME RENN $459.59 


« Assume 16 per cent. 
> Efficiency of centrifugal 4Q per cent; triplex 80 per cent. 
¢ Per million gallons. 


Size of pumping plant, number of lifts, and continuity of service 
determine the relation between power and attendance costs. Pumping 
against a lift of 2,600 ft. by 13-stage centrifugals at the Randfontein 
Estates mine (South Africa), maximum station capacity 6,400 gal. per 
min., gave a cost distribution of 70, 26.5, and 3.5 per cent, respectively, 
for power, attendance, miscellaneous and spare pump parts; the total 
average cost over 8 years was 5.05 pence or about 10 cents per thousand 
gallons (W. G. C. Nixon). At the Burra Burra mine (Tennessee) pump- 
ing costs under automatic control gave 59.4, 30.4, and 10.1 per cent for 
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power, labor, and materials, respectively, with a cost of 10 cents per 
thousand gallons against a 1,440-ft. head; the amount pumped in 181 
days was 39,820,000 at a cost of $3,946.10, of which labor was $1,200, 
materials $400, and power $2,346.10 (A. H. Hubbell). In the first of 
these two examples settlement reduced the solids in suspension to 0.0033 
per cent; in the second the solids were 0.057 per cent, acidity being 120 
parts per million; in the first a single lift and in the second three lifts 
totaling 1,440 ft. were employed. At the Burra Burra mine L. Weaver 
states that 220,000 gal. per day were pumped in slightly less than 5 hr. 
Only one man was necessary to operate the three stations, and a power 
efficiency of 67 per cent was obtained. 

Average quantity of water, head, and over-all efficiency determine 
power input that can be converted into kilowatt-hours (1 kw.-hr. equals 
2,655,000 ft.-lb. or 3,413 B.t.u.). Tables similar to Table 45 may be 
computed for estimated over-all efficiency, a specific head, and various 
water quantities. Given power cost per kilowatt-hour, the approximate 
cost for power can be figured from the table for the unit quantity 1,000 
gal. per min. or 60,000 gal per hr. Taking into consideration the number 


TasLe 45.—PowER IN KILOWATT-HOURS REQUIRED FOR PuMPING 60,000 GAL. PER Hr. 


Over-all efficiency, per cent 
Head, ft. 
40 50 60 70 80 
200 94.2 - 75.4 62.6 53.9 47.1 
500 23567. 188.6 156.5 134.8 117.8 
1,000 471.5 377.2 313.1 269.7 235.7 
1,500 707 .2 565.8 469.6 404.5 353.6 
2,000 942.9 754.4 626.1 539.3 471.4 
3,000 1414.5 1131°5 939.2 809.0 ° 707.2 


Tabie 46.—HstTimaTEep PuMPING Costs PER 1,000 Gat. PER 1,000 Fr. 


Cost per 1,000 gal. 
Hr. per day Gal. per day |Kw.-hr. per day 
70/30 60/40 50/50 
8 480 ,000 2,504 $0.074 $0 .086 $0. 104 
16 960 , 000 5,009 0.074 0.086 0.104 
24 1,440,000 7,514 0.074 0.086 0.104 


Nors.—Over-all efficiency assumed at 60 per cent. Power cost assumed at 1 per cent kw.-hr. 
Ratios given in last three columns are power cost to other direct expense but not including depreciation 
or similar charges. 
of shifts per day required for pumping, the cost of labor for a given 
pumping layout can be estimated. With automatic pump control, 
attendance can be cut to one man per shift for several pumping stations 
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in series. Where drainage is incidental in amount, shift bosses often 
start and stop the pumps. Pump stations of large size equipped with 
plunger pumps require at least one man per shift operation. 

Pumping 1,000 gal. per min. against a 1,000-ft. head requires 313 
kw.-hr. power input at 60 per cent over-all efficiency. Table 46 gives 
quantities and estimated costs for one, two, and three shifts per day. 

Pumping costs at the Ajax mine, Cripple Creek, for July, 1936, were 
given as $3,584.38 for 3,000 gal. per min., 400-ft. head; labor cost was 
$538.75, compensation insurance $35.29, supplies $90.14, power $2,524, 
and cost of pump assembly $396.20. The power was 282,000 kw-hr. at 
0.7 cent per kw.-hr. and connected load on pumps 550 hp. at $1 or $550 
per month, a total of 2,524; power cost was about 0.9 cents per kw.-hr. 
The cost per 1,000 gal. per min. was 2,7 cents (Information Circular 6982, 
U.S, Bureau of Mines). Comparatively few pumping costs are available 
in company reports, as drainage cost is usually represented as cost per 
ton of ore mined rather than in amount of water removed. Drainage cost 
per ton of ore produced is the important unit in the case of a given mine. 
Where much water must be removed relative to ore tonnage, drainage 
installations are designed for highest efficiencies and operation is adjusted 
to give the lowest unit costs. This is especially the case where power 
costs are also high. 


SPECIAL PROBLEMS 


Unwatering Mines.—Mines that have been allowed to fill, either 
because of temporary abandonment or stoppage of operations, present a 
problem somewhat different from ordinary drainage operations. Where 
there is an accurate map and a general knowledge of the conditions, the 
probable total volume of water filling the workings can be computed. 
If information is at hand concerning the quantity of inflow, it is possible 
to compute the time required for the unwatering operations. The total 
time in days is given by the equation 

Vy 
sy Vp —v 


T = total time in days. 
V = volume of water in mine. 

V» = daily volume removed by unwatering appliances. 
v = daily inflow. 

Units of volume may be either gallons or cubic feet. 

The equation makes it evident that unless the volume removed by the 
unwatering appliances is relatively large as compared to the daily inflow, 
the time required for unwatering will be excessive. Hence every facility 
that can be brought into use is essential. The most convenient method, 
if the mine is equipped with hoisting facilities, is to equip the hoist with 
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the largest water skips that can be handled satisfactorily. This is done 
with as little delay as possible and water hoisting is started. If an air 
compressor is available, air lifts are installed up to the capacity of the 
compressor. These lifts should be designed to unwater to the maximum 
depth. For example, if the shaft is clear and the depth of the mine is 
1,000 ft., it would be possible to use air lifts to a depth of about 750 ft. 
Once work is started it should be pushed continuously, three shifts per 
day. As soon as a pump station is uncovered, its pumps should be over- 
hauled and prepared for operation. The station should be put in service 
as speedily as possible. Figure 117 is a chart showing time required to 
remove 100,000,000 gal. at various pumping rates. 


5000 
<¢ 
ey Time to remove 
“SS 3000 \ 100,000,000 gallons 
S= 13,368,000 cu.ft 
$5 2000 
£81000 
Woo 0 

0 20 40 60 80 100 (20 i40 


; Time, days 
Fig. 117.—Theoretical time required to unwater 100,000,000 gal. 


The deep-well turbine pump has important advantages in unwatering 
mines and is widely used for this purpose as well as for emergency use 
when large water flows are tapped. Its over-all efficiency, 60 to 70 per 
cent, is greater than the air lift under the most favorable circumstances. 
The submersible deep-well unit has still greater advantages. Deep-well 
turbines have large capacities and will operate under heads of 500 ft. or 
more; they occupy little space in a shaft compartment; the driving head 
is readily accessible, being at the discharge end. Priming is unnecessary. 

A deep-well turbine, 3,200 gal. per min., 16-in. column in 10-ft. sections, 
18 stages, 600-hp. 2,300-volt motor, operating at 1,160 r.p.m., was used 
in 1940 to unwater the Rosiclare mine (Illinois), which had been flooded 
since 1924. The lowest bowl of the pump was placed at 640 ft. below the 
surface discharge. Total weight of the pump was 94,000 lb., of which 
83,000 Ib. was suspended weight. Sixty days was required to lower the 
water to the 612-ft. level; the maximum quantity of water removed 
amounted to 4,500,000 gal. per day. 

Dewatering in Advance of Development.—During the development 
of the Old Dominion mine (Arizona), deep-well turbines were used in 
boreholes to unwater levels in advance of development. At Park City 
(Utah) (Fig. 118), the Park City Consolidated Mines used five-stage 
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2,250-gal. per min. deep-well turbines in a cased 23-in. dia., 520-ft. deep 
borehole for dewatering in advance of development. A 10-in. spiral- 
welded Victaulic-coupled pipe in 10-ft. sections was installed. Subse- 
quently a second borehole, 659 ft. in depth, was drilled and cased. Two 
submersible pumps in series were operated in the second bore. The 


5600 E/ 


59 FF. 
Depth 744 ft 


Fig. 118.—Advance dewatering at. Park Utah Consolidated. (G. M. Wiles, A.I.M.E.) 


combined capacity approximated 4,500 gal. per min. against a head of 
500 ft. A threaded and coupled 12-in. standard pipe was used for a 
column, the discharge of the lower pump being received in a 16-in. dia. 
75-ft. outer column, within which was submerged inlet of the upper unit. 
The series unit was operated 90 days and in 1940 pumped 4,300 gal. per 
min. against a 480-ft. head. The water table was lowered 175 ft. The 
discharge of the turbines was pumped from a sump on the 1,050-ft. level 
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to the 900-ft., or drainage level, by six centrifugals and one close-coupled 
4,000-gal. per min. deep-well turbine pump. 

Drift mines are sometimes drained by means of bores within which are 
installed deep-well turbines. Drainage in advance of development 
lessens the difficulty of shaft sinking and materially lowers the cost of 
development. 

Tapping Neighboring Workings.—Neighboring flooded workings are 
often tapped by driving a working into the flooded zone. This must 
be carefully done, since it is dangerous work. Careful planning before 
connections are made is essential. Foreknowledge of the extent and 


= Concreted in place after wedge hos 
<- face 7 expanded bolt to its limit 


: i "stop cock, Ho (Grout f 30! Use dry lamp wicking complete 
yReducing coup) Gass / “ a i ih 1, A! saturated in cement grout 
Packing sein sm gore eeesen in DG na senm nas ; oo 2 Tope / to'a 
gland N , / _Diomond grill bit. nO PEGS oe 
it \ 
Wes Sl = 
3 ASS VEN 
2'Ys*core borrel” = ot 3'h- z, 
u Hy 
S°DS. pipe! of! 34° In drilling hole for this pipe,allow 
le i 32 y re ba piel le Ze only sufficient clearance to per- 
cep and have mit light driving tit atter lamp 
T plugs available should ng Pacibee 
Floor--~. a. Water be encountered wicking has been placed in grooves 
(a) “HR Ww ao ; ae 
BAe... n@ 7 s 
fs ») ans? ii] roof as possible 
bs Be 
Holes to be drilled —\ Four holes equally 
(praia a as close to floor." spaced close to the 
of drift as valve ~~». floor ond drift 


and whee/ on stuf- 
‘ing box will permit 


Fig. 119.—Method of sealing drill holes against pressure water. (W. Black, Eng. Min. 
our. 

position of the flooded workings is desirable. After the connection 
has been well started a bulkhead sufficient to withstand the hydrostatic 
pressure on the flooded side is constructed. The bulkhead is constructed 
of concrete and is provided with doors and valves and pipes for drawing 
off the water behind it. As the working is extended a bore is always 
kept in advance of the face in order to prevent suddenly breaking through. 
The final shell separating the workings is broken by a heavy blast after 
the miners have retreated through the bulkhead. Tapping by means of 
diamond-drill holes is safer. The diamond-drill hole is protected by a 
short length of pipe with plug valve attached, either cemented in the hole 
or secured by bolts as shown in Fig. 119. 

Mine Bulkheads and Water Doors.—Waterproof bulkheads or dams 
are often used to seal mine workings which are no longer needed and 
which drain into development workings. Dams with pressure-resisting 
doors are constructed in development workings that are expected to 
penetrate water-bearing zones. Their purpose is to guard against heavy 
flows of water and to control such flows, protecting shaft and pump sta- 
tions from submergence. 
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The dam is a concrete stoping or plug (Fig. 120), which is keyed into 
solid ground and grouted to make it waterproof. A pipe with gate valve 
and a manhole are sometimes placed in the structure. The dam is of 
sufficient thickness to resist the maximum water pressure that might be 
developed. Access is limited. 

Pressure doors are designed to give access for small mine cars, the 
size of the door and its frame being determined by the car dimensions. 
Flat door designs require sufficient area or spread over the concrete 
surrounding the opening to take care of the pressure. Where high 
pressures are anticipated, cast-steel frames and cast-steel doors, oval in 
shape and dished, with stiffening ribs, are used. Cast-iron door frames 
and dished steel plate doors are used with lower pressures. 

The concrete dam is wedge-shaped, with the larger area against the 
pressure. Two or more drain pipes with gate valves are concreted in 
the opposite lower corners, and provision for a ventilating pipe is made in 
one of the upper corners; other pipes are for compressed air, drilling-water 
supply, and pressure gage. All piping is designed for the maximum 
pressure expected. A removable section of track is provided to permit 
the door to swing. Watertightness is obtained by packing rings in the 
bearing surfaces of the door frame. In many designs the concrete plug is 
equal in length to the maximum dimension of the development working, 
which is usually the height. Where pressures are very great, the con- 
crete is reinforced. Where strong solid rock surrounds the dam the 
degree of keying is less than where the rock is weak. Grouting may be 
necessary in fissured rock. The construction cost of the simplest of these 
dams is $1,250 or more; for higher pressures and more complete designs, 
cost ranges from $4,000 to $7,500. 

Handling Hot Water.—In the comparatively rare cases where hot - 
water must be pumped more or less trouble arises at the suction end of 
the pump. This may be avoided by supplying the pumps under pressure 
head. Probably the most adverse condition due to hot water is the 
saturation of the ventilating current with vapor. To reduce this to a 
minimum, wood-stave pipe is used in place of open ditches, and all water 
flumes are covered. Sumps are covered or walled off from mine drifts 
and shaft stations. Acid water when hot is chemically more active than 
at normal temperatures. Water conditioning may under these circum- 
stances become of considerable importance. 
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CHAPTER IX 
VENTILATION AND ILLUMINATION 


Occurrence of Gases Underground.—Gases occur mechanically 
enclosed in most rocks. They are particularly conspicuous in coal seams 
and carbonaceous sedimentaries. In igneous rocks the volume of gas 
present ranges from 1 to 8 as compared with the volume of the rock. 
In sedimentaries the range is 0.7 to 5.48 volumes.! Carbon dioxide is 
the most conspicuous gas present. Carbon monoxide, methane, hydro- 
gen, and nitrogen are also present. The mere presence of gases as a rock 
constituent is of itself of no practical importance to the miner, inasmuch 
as these gases are either not liberated or are liberated so slowly that they 
play no conspicuous part in polluting the atmosphere of a mine. 

However, in the Cripple Creek district, in East Tintic (Utah), and 
in some mining districts of Nevada, an oxygen-depleted gas, consisting 
principally of carbon dioxide and nitrogen with small amounts of oxygen, — 
has been encountered in raises, winzes, and dead ends where ventilation 
is insufficient, in such amounts as to be highly dangerous, and a number of 
fatalities have occurred where miners have entered such places. In a few 
quicksilver mines in California, methane has been encountered in suffi- 
cient quantities to necessitate careful testing of working places for the 
presence of this gas. In tunnel work in certain sedimentaries in Cali- 
fornia notable quantities of methane have been encountered; in other 
cases excessive quantities of carbon dioxide. In the Stassfurt potash 
mines some gases containing a high proportion of hydrogen have been 
reported. Recent volcanics, carbonaceous sedimentaries, and the vicinity 
of petroleum-bearing formations may carry excessive quantities of danger- 
ous gases. Accumulations of gases in old workings, abandoned mines, 
and unventilated mine openings are suspected, and adequate ventilation 
should precede attempts to enter such workings. 

Coal presents quite a different phase of the subject. Coal seams 
liberate gas in mine workings to a greater or less extent. This is true 
of deeply buried coal seams rather than those close to the surface or the 
portions of a coal seam close to an outcrop. Gas exists in coal under 
more or less pressure, as is shown by the observations made in English 
coal mines and given as follows: 

1 Gases in Rocks. R. T. Cuampurury, Pub. Carnegie Inst. Washington, vol. 106. 
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TABLE 472 
a 
Time pressure takes 


to reach maximum, 
in hours 


Pressure in lb. per 
sq. in. 


Mine Depth of hole in ft. 


RIS TtOuey eens snrterstoke eee 


@ Coal Age, vol. 5, p. 202. 


Close to a coal face the gas is under a pressure only slightly above that 
of the atmosphere. Blower gas, or the gas that fills more or less open 
fissures, no doubt accumulates under considerable pressure, but as soon as 
a connection is made with the system of fissures the pressure is rapidly 
lowered by the escaping gas, and near the orifice the pressure is only 
slightly above the atmospheric pressure. 

Studies have been made of the gases liberated from crushed coal. 
The following analyses illustrate two examples. 


TABLE 482 
Sample 1. Sample 2. 

Mine No. 6, Monogah Mine No. 8, Monogah 
Carbonic anhydride (CO»).......... 2.90 1.256 
Meth anex(@h 2) pateese anette, aire nee 39.65 40.99 
(Oraigcteveth (ONS, Soh cule Rees tenseme eta Ulead 10.07. , 9.86 
INatGro em (CNG) arte ener hegie te erent 38.11 37262 
INTRO MEnNEXCESS ots imetrenin ieee we Se  A7/ 10.27 


@ Bull. 72, U.S. Bur. Mines, p. 37. 


The analyses are not necessarily representative, but they indicate in a 
general way the nature of the gases contained in bituminous coal and 
which may be expected to be liberated in the workings of a coal mine. 
The principal gas liberated from coal is methane (firedamp, marsh gas). 
Undoubtedly incidental quantities of carbonic anhydride and nitrogen 
are always present. 

The quantity of gas liberated within a coal mine depends upon the 
nature of the coal, the amount of gas within the coal itself, the number 
and extent of fissures and natural openings charged with gas, the areal 
extent of coal face exposed, the extent of old workings, and the rate of 


VENTILATION AND ILLUMINATION 279 


mining the coal. Necessarily these factors will vary from mine to mine, 
and all cases occur ranging from the coal mine in which dangerous gases 
are conspicuously absent or in such small amounts as to be negligible up 
to the mine where the quantity of gas is such as to make its operation 
extremely hazardous. In terms of cubic feet per ton of coal mined, the 
following figures illustrate the quantity factor. 


TABLE 49 
Locality Cu. ft. gas per ton mined | Relative volume gas to coal 
Gerniatyewentes wrest ae colle eecte st 16-1,060 16-30 
INU SUT eeree ers Aen tesa t, Ses tate 7,469 300 
NVilives= Barrer sae cteatrtcnies ty ate Steno 1,500 60 
AMAWAUOA A RUAN IOC had Sota aioe Re le aaraR 1,377 ; 55 


In terms of cubic feet per 1,000 sq. ft. of coal face ees the quantity 
factor is further illustrated. 


Taste 50.—Gas IN LANCE COLLIERIES4 


eee 

Northern Penn. anthracite field _| Volume of methane per min. | Volume per ton mined, 
Gro ANSI Ca an i as Ron ars Sa 0.73 2,400 
LORS SAorceccasts torte alti tee eee ce 1.00 15,600 
Rive-rGot east side I sot a ee 1.67 6,400 
west side........... 0.23 60 
Hillman CASHIBICO Laan cme: 1.00 3,850 
WESU SIC ONaehasic ya ore 2.30 2,070 


« Bull. 72, U.S. Bur. Mines, p. 120. 
The following table illustrates the quantity of methane liberated per 


unit of time in a part of a mine in which a known quantity of air was 
circulated. The quantity of air was varied from time to time. 


TABLE 51¢ 
Methane 
Cu. ft. of air per min. in 
circulation ; 
Per cent Cu. ft. per min. Cu. ft. per hr. 
17,006 0.37 62.9 3,774 
18,000 0.34 61.2 3,672 
20,000 : 0.29 58.0 3,480 
22,000 0.19 41.8 2,508 
24,000 0.16 38.4 - 2,304 


4 Fairmount Coal Co., Eng. Min. Jour., July 3, 1909, p. 14. 


It should be noted that methane is liberated continuously from coal 
faces in a greater or less amount. Probably this amount is greatest for 
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freshly exposed coal and a minimum for long exposed coal faces. Ordi- 
narily the gas can be safely taken care of by the normal ventilating 
currents. Blowers and local liberation of large quantities of methane 
may render parts of a mine very dangerous for the time, and it is the 
practice to discontinue working in those parts until the surplus gas has 
been removed and the influx reduced to normal quantities. The prac- 
tice of frequently determining the quantity of methane in the return 
air of a gaseous mine is to be recommended. 

The principal danger of methane consists in the fact that it is a 
combustible gas and when mixed with air in certain proportions forms 
explosive mixtures. Such mixtures, unless removed or reduced by dilu- 
tion with air, constitute a great danger, for they require only ignition for 
an explosion to ensue. 

Gases Produced by Exhalations and Combustion.—Exhalations from 
men and horses introduce relatively small quantities of carbonic anhy- 
dride into the air. The oxygen content is materially lowered where 
the air circulation is bad. Candles and lamps also introduce carbonic 
anhydride, and where oil lamps are used more or less smoke pollutes the 
air. The dilution of these gases is not a difficult problem. 


TasBLeE 52.—DrimspL LocomorivEs IN TUNNEL OPERATIONS 
(Trans. A.IM.E., vol. 153, p. 165; condensed) 


A By han ave) Boats on rares ast eaten OREM AT ENE ce C C B B 
Locomotive number. ............. 3 6 3 4.5 
i Shayean over VNC Severe otcie oeecha eb eakci 6 Idle Load Load Load 
Carbon monoxide, per cent: 
Inna imitol dees tee oto as cere ae eel 0.15 0.10 0.10 
Imvexhatistry cen tooe aces Ser tee OR OO 0.03 0.03 0.03 
In tunnel air, maximum.........s} 0.002 0.009 . 0.0025 0-004 
In tunnel air, minimum.......... 0.0001 0.0001 0.0010 0.0006 
Aalsui” ako Hue, COOL, My JOP OWEN so oy 25,000 18,500 25,000 45,000 


Norr.—Air-fuel ratio 20 to 1; exhaust gases cooled and scrubbed; exhaust diluted 10 times before 
discharge; rated horsepower 160. 


The exhaust from internal-combustion engines is charged with carbon 
dioxide and monoxide and is a definite hazard. Most mine regulations 
prohibit the use of such engines underground. However, under exacting 
control diesel locomotives equipped with coolers, scrubbers, and diluters 
on their exhausts are used to an increasing extent in tunnel construction; 
the same may be said for autotrucks. In all such cases power ventilation 
is necessary, and the quantity of air flow must be sufficient to dilute 
exhaust gases so that their monoxide content is far below the danger 
limit. Table 52 gives testing results under operating conditions for 
diesel locomotives used in tunnel construction. In most metal-mining 
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operations the internal-combustion engine is too hazardous for use 
underground. 

Gases Produced by Blasting.—Apart from carbonic anhydride, which 
is almost universally present in the gaseous products of an explosive, 
carbon monoxide, hydrogen sulphide, and nitrogen oxides are sometimes 
present and their poisonous nature renders them particularly objection- 
able. Thorough detonation is essential in the use of alldynamites. Black 
powder always produces more or less carbon monoxide. The careful 
selection of explosives and their proper use reduces the amount of deleteri- 
ous gases toa minimum. Dilution with sufficient air is the best method 
of overcoming powder fumes and of rendering them comparatively 
harmless. 

Gases Produced by Abnormal Conditions.—Fires and explosions 
produce for a time an irrespirable atmosphere. Apart from the carbonic 
anhydride, carbon monoxide in greater or less amount is always present. 
Sulphur dioxide is present where oxidation of sulphides takes place. 
After a fire or explosion, oxygen breathing apparatus is a necessity 
in order to safely examine a mine or to effect rescue. 

Dust Particles in Suspension.—Rock dust is in suspension to a greater 
or less extent in the air in a dry mine and is objectionable for hygienic 
reasons. Drilling, shoveling, ore handling, and blasting produce dust, 
and its elimination is essential. The use of sprays in drilling, wetting 
down ore which must be shoveled, blasting at the end of a shift, and ade- 
quate ventilation go far toward reducing the dust menace. 

In coal mines, coal dust mixed with air and in the form of a suspension 
usually forms an explosive mixture when ignited. Flame propagation 
accompanies the explosion. Some coal dusts are more dangerous than 
others, but all coal dusts in suspension in air are dangerous. This also 
applies to carbonaceous dust in general. The presence of methane 
increases the susceptibility of coal dust and air mixtures to explode. 
Bureau of Mines experiments indicated the explosiveness of a mixture of 
as low a density as 0.032 oz. per cu. ft.; a density of 0.111 oz. per cu. ft. 
gives approximate maximum explosive effect. In metal mines, sulphide 
dust caused by blasting may produce more or less hydrogen sulphide, 
sulphur dioxide, and carbon monoxide in dangerous amounts in addition 
to the gaseous products of the explosive. 

Rock dust in suspension varies in particle size and composition. The 
most dangerous dusts are silica, sericite, and asbestos; but all fine dusts, 
including coal dust, are considered to be health hazards when inhaled, and 
the smaller sizes, 10 microns and less, are more dangerous than the larger 
sizes. Dust concentrations may be measured in milligrams per cubic 
meter, but later practice is to determine the number of particles per cubic 
centimeter and per cubic foot. 
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Dust concentrations vary from point to point and from time to time, 
a number of determinations being necessary to obtain an average. One 
hundred particles per cubic centimeter gives a density of 2,832,000 
particles per cubic foot. Permissible standards vary from 10 million 
particles to 15 million per cubic foot where the number of free silica par- 
ticles is less than 35 per cent and 5 million particles where all dust 
particles are free silica. A. S. Richardson gives the average daily dust 
concentrations for the Butte mines, in millions of particles per cubic foot, 
as follows: General mine air 2.1; stopes 1.8; working faces on levels 1.4; 
raises 4.2; shaft stations 1.8; intake shafts and skip-loading stations 3.1, 
and intake shafts 0.7. Forty-one South African gold mines in 1940 gave 
averages in particles per cubic centimeter as follows: Main traveling 
ways 68; drives 122; raises 135; winzes 115; ore bins 122; machine stopes 
120; hammer stopes 75; back stopes 112; shaft sinking 131; night shifts 
98, and over-all average 115. Particle sizes range from 0.2 micron, the 
smallest visible, up to 10 microns. 

Nature of Mine Air.—Analyses of the return air from metal and coal 
mines are infrequent and no generalization is possible. Some specific 
examples can be quoted. The following figures apply to a South African 
mine. 


TABLE 532 
Carbon Carbon 
dioxide monoxide 
5 | Natal ventilation y,t ost \e tele a eee 0.552 0.011 
Poywersventilationtis \2a er ssniei Seles tier on ta ieh. Reece 0.149 0.006 
Naturalaventila tions (aivennesults) sasaki aussie el eet 0.499 0.012 
»Poweriventilation™ (av. results)... «2. senes.ccte. aaa: 0.127 0.005 


« Jour. Chem., Met. Min. Soc. South Africa, vol. 11, p. 967. 


TABLE 542 


Alniouerent Per cent. of gases in 
return air Volume 
Return Place of sampling Velocit on 
Chrette elocity, é .. | methane 
Got [Yee | Mtn | Garten | Ose | para 
RedvAshin|/olti east Lanes «yeas ee 52,400) 624 |0.41 | 0.18 |19.65 215 
RedwAshi». (ast Nol fan:.ctas.osy ue 63,300; 713 |0.49] 0.24 |19.74] 3,10 
Red Ash. .|Right slope, 150 ft. from 
Noj2Ziairshatt.n sane 159,000; 914 |0.73] 0.18 /20.48] 1,161 
ROSSaaeniee East and west returns at| 44,200| 502 |1.59]| 0.03 |20.31 703 
bottom No. 2 air shaft. 
Ross......|100 ft. south of No. 2 air| 57,800) 359 |1.14| 0.07 20.28 659 
shaft. 
Re Sanne aen sar es Wee elle SN a oe HS 


a4 Bull, 72, U.S. Bur. Mines, p. 168. 
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Darton gives many examples of the methane content in the return air 
of coal mines. *From the many tables one has been selected that rep- 
resented conditions at the Nottingham mine in the northern Pennsylvania 
anthracite region. See Table 54. 

Properties of Gases Found in Mines.—The physical properties of 
gases are given in Table 55. . 


TABLE 55 


. . | Wt. 1 cu. meter in 
Chemical symbol Sp porte, eeravaty. “temp. 8258 * and ad Mierke 

: : conditions 
PAL rea at ON Aer O+N 1.0 0.08097 1.2936 
UyCrogenie gee or.) H 0.069 0.00559 0.0896 
@xygenereeen a. nk O 1.106 0.08955 1.438 
INifrozens rere N 0.968 0.07379 1.2553 
Marshwrast, o.. au. CH, 0.559 0.0453 0.7218 
Carbon dioxide..... CO, 1.529 0.1238 1.9714 
Carbon monoxide... CO 0.967 0.0783 1.252 
Hydrogen sulphide. HS 1.191 0.0964. 1.5407 
EE HANG sate one aleasts oie CoH. Li O43 ar Welle ceret, be tone 1.3505 
Sulphurous acid.... H.SO; ea bs tnt Nallihow tablet 2.859 


Properties of Gases.—Air has the following volume composition, 
the constituents being given in percentages: 


Oxy CnPe en cr honda RET IOAN, Gein NSA RO REE S 20.93 
INIGROG Cri eeiptrerr sien ie ete enti dae ae ee eh tps | Soh Meow 78.10 
FAT OTl ee anP ee ea SREY ONG. tak A ayant ol msdn th OLN ti os chee eg ee 0.94 
WaT DOME OKI ener ee eam heeled) ae ALA Sn eta a 0.03 
WEES PAGE OOo esa, oly lA cee ae ENT, COS cero ens See irre otis am Variable 


It is tasteless and odorless, and a supporter of combustion. 

Hydrogen is an exceedingly rare constituent of mine gases. It is 
nonpoisonous, combustible, and a nonsupporter of combustion. With 
air it forms an explosive mixture. It is colorless, odorless, and tasteless, 
and in small quantities has no particular physiological effects. 

Nitrogen is colorless, odorless, tasteless, and nonpoisonous. It 
will not support combustion, nor can life be sustained in an atmosphere 
of nitrogen. It tends to accumulate in the upper portions of workings. 

Methane (pit gas, or firedamp when mixed with air) is colorless, 
odorless, tasteless, and nonpoisonous. It will not sustain life or support 
combustion. It is combustible and forms an explosive mixture when 
mixed with air. It is common in many coal mines but is rarely met with 
in metal mines. A mixture containing air, coal dust, and 2.5 per cent 
methane will explode violently on ignition. The percentage of different 
gases that will form explosive mixtures with air is given in Table 56. 
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TABLE 567 
Per cent by volume 
Gas , A i 
Upper limit | Lower limit 

Hydrogen helt. .o eo etapiette Clacton caer ee 66.4 9.45 
lumina tin ee os yee enn ee 19.1 %-9 
Methanescnn areata ere Aaa oleae 12.8 6.1 
Alcohol vapor wiceameer coe aa aren sees 13.65 3.95 
Benzene saponin ib be bees ie ae eter 4.9 2.4 


@ Comp. Air. Mag., vol. 20, p. 7472, January, 1915. See T.P. 119, U.S. Bur. Mines. 


Carbon dioxide (chokedamp, blackdamp, heavy air—all mixtures of 
carbon dioxide and air) is colorless and nonpoisonous. It has a faint 
acid taste and smell. It will not support combustion or sustain life. 
The physiological effects are similar to those sustained in an atmosphere 
impoverished of its oxygen, namely, increased depth of respiration, 
gasping, oppression, panting, and finally unconsciousness (Wabner). 
There is a question as to the toxic properties of carbon dioxide. 

Carbon monoxide (white damp, stonedamp, sweet damp—mixtures 
of air and carbon monoxide) is colorless and tasteless and has a faint 
sickly smell. It is extremely poisonous and its physiological effects are 
giddiness, swelling of the veins in the forehead, weakening of the sight, 
palpitation of the heart, unconsciousness, and death (Wabner). Mixed 
with air it forms an explosive mixture (1 vol. to 1.6 vol. of air to 1 to 6.7 
constitute the explosive mixtures). 

Hydrogen sulphide (stinkdamp) has a distinctive smell. It is very 
poisonous and is fortunately rarely found in mines. 

Sulphur dioxide is occasionally met with as a product of mine fires 
in mines where massive sulphide ore bodies are found. It is irres- 
pirable and poisonous, irritating to the eyes and respiratory passages. 

Nitrogen oxides as the product of the imperfect detonation of dyna- 
mites are not uncommon. ‘They are poisonous. 

Hygienic Requirements of Mine Air.—Practical conditions are so 
varied that it is impossible to impose any rigid standard of purity. Mine 
air that does not contain in excess of 10 to 20 parts of carbon dioxide 
per 1,000, practically no carbon monoxide, hydrogen sulphide, or nitric 
oxides, and a dust content not in excess of 10 mg. per cu. m. may be 
tentatively considered of sufficient purity for metal mines. For coal 
mines the following standard is suggested; 10 to 20 parts of carbon 
dioxide per 10,000 parts of air, no carbon monoxide, hydrogen sul- 
phide, or nitric oxides, a dust content of not in excess of 500 mg. per 
cu. m., and a methane content of not in excess of 1 part in 1,000. 

Air temperature and relative humidity affect the efficiency of the 


— 
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uaderground worker; high temperature and humidity give less work. 
Relative humidity at any given air ternperature is measured by the differ- 
ence between that temperature (dry-bulb temperature, t) and the 
temperature of the wet-bulb thermometer (wet-bulb temperature, t,), or 
t—t, When the difference is zero, the relative humidity is 100 per cent, 
ox the atmosphere is saturated with moisture. The greater the spread 
between 1 and t,, the smaller is the relative humidity for any given 
texaperature; for an increase in barometric pressure the relative humidity 
percentages decrease slightly at high temperatures, 80 to 100°F., and 
more a8 the temperatures become lower. 

ody temperature is maintained at its normal point by evaporation 
A the moisture exuded by the sweat glands; the drying or evaporative 
power of an air current depends upon its temperature, relative humidity, 
and velocity. At 98°F., 100 per cent relative humidity, and zero 
velocity, little or no evaporation takes place and the body temperature 
yises; when the relative humidity is lowered and air movement is brought 
about, evaporation begins and body temperature is prevented from rising 
such above its normal point. At high temperatures, low humidities, 
and high velocities, evaporation becomes so rapid that wind burn takes 
place. In hot mines wet-bulb temperatures are kept below 85°F. 
and air velocity is kept to not greater than 500 ft. per min. where tempera- 
tures exceed 10°F. In a general résumé of conditions in the Kolar 
gold mines, A. Caplan states that most cases of collapse occurred in 
workings below 6,000 ft.; the dry-bulb temperature was commonly 
in the neighborhood of 110°F. and the wet-bulb 93°F.; he further 
states that the wet-bulb temperature may be taken as a reliable index of 
the degree of comfort existing in the working places and that with a dry- 
bulb from 110 to 120°F., 4 wet bulb of 90°F. or under denotes 
good ventilation and comfortable working conditions, 91 to 93°F. 
borderline conditions, 94 to 95°F. poor ventilation, and 96°F. or 
over conditions highly conducive to collapse. In many hot mines 
humidity and temperature control are effected by air conditioning or 
precooling of air at some stage in its passage through the mine before it 
enters the hotter portions of the workings. In all such mines plenty of 
drinking water and salt tablets are provided. 

Jn most coal mines the temperatures are not greatly elevated and the 
air while approaching saturation is sufficiently low in temperature to 
ensure comfortable working. In winter, on account of the air entering 
at low temperatures and the mine’s being at a much higher temperature, 
there is a general drying out of the mine and in time dangerous conditions 
may be set up. Turning steam into the intake air and the use of water 
sprays are resorted to for the purpose of saturating the mine air with 
moisture and preventing the above condition. High humidity, even at 
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the expense of decreased efficiency on the part of the workers, is essential 
in dry and dusty coal mines. 

The air flow in a mine depends upon its peculiar conditions and the 
interpretation of such conditions by its engineering staff. It is related 
to the number of men underground, tons mined, dust produced, tempera- 
tures in working places, and general operating conditions underground. 
Mining regulations often specify minimum requirements, especially for 
coal mines. In Pennsylvania these are 150 cu. ft. per min. in nongaseous 
and 200 cu. ft. per min. in gaseous bituminous coal mines and 200 cu. ft. 
per min. in anthracite mines per underground worker and 500 cu. ft. per 
min. for each horse or mule. In South African gold mines, a minimum of 
30 cu. ft. per min. per underground worker is specified by law, but the 
average of some 38 mines was 70.6 cu. ft. per min. per man, 70.4 cu. ft. 
per min. per ton mined, and 2,101 cu. ft. per min. per drill used (E. H. A. 
Joseph). In mechanically ventilated Lake Superior iron mines, E. C. J. 
Urban gives a range of 250 to 800 cu. ft. per min. per man underground. 
C. 8. Gibson gives for Canadian gold mines an average of 284 cu. ft. per 
min. and a range from 150 to over 800 cu. ft. per min. G. E. McElroy 
gives a low of 50 to 100 cu. ft. per min. up to 200 to 300 cu. ft. per min. and 
for high temperatures up to 1,000 cu. ft. per min. At the Magma mine 
some 780 cu. ft. per min. is required to cope with high temperatures. 

Tests of Mine Air.—Only those tests that can be conveniently 
made will be described. This subject has been very thoroughly discussed 
in Bulletin 42 of the U.S. Bureau of Mines, and to this the reader is 
referred for further details. 

Quantity of Air—The determination is made by the anemometer. 
Either the anemometer is moved across the section of the airway or a 
number of separate readings are made in different parts of the section and 
the average of the readings is taken. Area of working and corrected 
average anemometer velocity in feet per minute give cubic volume. 

The anemometer will satisfactorily measure velocities from 150 to 
2,000 ft. per min., and even velocities as low as 50 ft. per min. can some- 
times be measured. The timing of the passage of a smoke cloud over a 
measured distance in an airway will give a moderately accurate base for 
calculating very low velocities. A smoke tube devised by the Bureau of 
Mines consists of a pressure bulb, valve, and glass tube containing gran- 
ules of pumice wet with tin or titanium tetrachloride. Air is forced-by 
the bulb through the tube and a dense white smoke cloud is produced. A 
stop watch is necessary for timing. Sensitive manometers and torsion 
vanes have been devised for measuring very low air velocities, but these 
are seldom used underground. 

For high velocities the manometer and Pitot tube give satisfactory 
results and are used in ventilation surveys. The manometer may also 
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be used for the measurement of lower velocities. The aneroid bar- 
ometer is an important accessory in determining static pressures. Altim- 
eters or precise aneroids are used in ventilation surveys to determine 
loss of pressure from inlet to outlet of each airway or split. Changes in 
static pressure, where corrected for differences in level, indicate pressure 
loss between the points compared. In some coal mines altimeter surveys 
of airways and splits are made at intervals in conjunction with regular 
ventilation surveys. 

Temperature and Relative Humidity are determined from readings of 
the dry- and wet-bulb thermometers mounted in a sling psychrom- 


lea 


Air temperature 
(Sa) lop) — Cc ~O 


LW OTT 
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OB 10% 20:530.5 40507760" 1080" - 90°" 100 
Relative humidity 30-in. barometer, per cent 
Fie. 121.—Depression of wet-bulb thermometer and per cent relative humidity at 30-in. 
barometer. 

eter; the cloth on the wet-bulb thermometer is dipped in distilled water 
and the pair of thermometers are whirled until the readings are constant. 
A barometric reading is taken, and from the three observations psy- 
chrometric tables (see Weather Bureau 235, U.S. Department of Agri- 
culture) will give relative humidity and dew-point temperature. Figure 
121 shows the relation between temperature and relative humidity. 

Air above the body temperature of 98.6°F., if unsaturated, will 
absorb moisture and exercise a cooling effect upon the body. The 
velocity of the air is also a factor in the rate of cooling. While wet- 
and dry-bulb temperature observations and velocity determinations 
give a very good indication of cooling power of mine air, some actual 
measure of cooling power seemed desirable, and Dr. L. EK. Hill invented 
the katathermometer for this purpose. This instrument was used to 
a considerable extent but requires perhaps more skill and care to use 
and intrepret its recordings than are available ordinarily. As a con- 


288 ELEMENTS OF MINING 


sequence it is not widely’ used, and the findings of the psychrometer 
and anemometer are considered sufficient for the control of the venti- 
lation in hot areas of a mine. ~ 

Dust.—Two important instruments are in use for the determination 
of the dust content of mine air, the konimeter, invented by Sir R. N. 
Kotze about 1918, and the impinger, invented by L. Greenburg and 
G. W. Smith in 1922. The konimeter collects the dust from a small 
volume of air by impingement upon an adhesive film over a glass plate; 
in its later development a glass disk is used and samples are taken upon 
successive portions of the disk. Various adhesives—mineral oil, petro- 
latum, and glycerin jelly—are used. After sampling, the glass disk is 
sometimes heated to a dull cherry red to remove film and organic matter. 
Then it is cooled, washed with a few drops of 50 per cent hydrochloric 
acid followed by distilled water and alcohol, and dried. 

Dust particles are counted by a microscope at 150 diameters and 
dark field illumination. In other instances the konimeter samples are 
counted without any treatment and with normal illumination. A 
special microscope with an adjustable revolving frame to hold the konim- 
eter disk so that the dust spots can be passed under the objective and 
easily centered is more convenient than the microscope with the stand- 
ard mechanical stage. An eyepiece micrometer of special design with 
18-deg. sectors dividing the field gives a counting area of 0.1 of the field 
of view; the number of particles within the sector limits is counted. 
The volume of air taken is 2.5 cc., 5 ec., or larger, in multiples of 5 cec.; 
the number of particles counted within the limits of a pair of sectors 
(2 X 18 deg.) multiplied by 10 and divided by the number of cubic 
centimeters taken (the volume) gives the number of particles per cubic 
centimeter; multiplying by 28,320 gives the number of particles per 
cubic foot. The microprojector is a better method of estimation. In 
this apparatus the magnified dust field is projected upon a translucent 
screen, which is hooded to cut off extraneous light. The particles are 
counted upon a grid containing sectors and scale at the magnification; 
magnifications of 500 and 1,000 are used. 

The impinger (Fig. 122) is a stoppered vessel containing a known 
amount of alcohol or a mixture of alcohol and water. It is provided with 
an inlet tube, an orifice of 2.3 mm. diameter or less that discharges within 
5 mm. of the bottom of the vessel, and an outlet tube with baffle. The 
outlet tube connects with a pump, by means of which a known volume of 
air to be sampled is drawn at a controlled rate through the vessel, dis- 
charging its dust content into the alcohol. The solution within the vessel 
is diluted to a given volume or mark and shaken, and a small portion of it 
is taken by means of a graduated pipette. This portion is measured into 
a counting cell 1 mm. in depth, the cover slip is placed, and, after an 
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interval for settling, the counting cell is placed upon the microscope stage 
and the particles|are counted. The microprojector with its translucent 
screen and a projected magnification of 1,000 diameters is also used for 
counting. 

The thermal precipitator ig still another device for obtaining dust 
samples from mine air. In this device a measured volume of air is drawn 
past a wire (heated electrically) at a controlled rate by means of a water 
aspirator. The dust is precipitated upon glass cover slips on either side of 
the heated wire. The cover slips are removed and the number of dust 
particles is determined by counting, either by the direct method or by 
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Fig. 122.—Midget-impinger sampling apparatus. (U.S. Bur. Mines.) 


microprojection. ‘The cover slips are usually treated by heating and 
acid before they are mounted on a slide. The apparatus with its acces- 
sories weighs about 20 lb. A storage battery supplies the heating cur- 
rent of 1.2 amperes. It is said that the thermal precipitator is 100 per 
cent efficient for particles up to 20 microns in size. 

Carbon Anhydride can be determined by aspirating a known volume 
of the mine air through a washing bottle containing a known volume of 
standard solution of barium hydroxide and titrating for the excess of 
hydroxide. Dangerous accumulations of this gas can also be detected 
by the safety lamp, the flame of which shortens and gives decreased 
illumination until it is extinguished at about 16.25 per cent oxygen; a 
miner’s candle will give a similar reaction, the flame becoming smaller, 
flickering and “looking sick’’; tests are made near the floor level and near 
the roof. It is to be noted that this flame test indicates only oxygen 
depletion that may be due to the presence of carbon dioxide or to more 
than normal amounts of nitrogen. If combustible gases are suspected 
the safety lamp should be used. 
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Methane is approximately determined by means of the approved 
(Bureau of Mines) safety lamp in atmospheres where the oxygen content 
is above 19 per cent, as below 16.25 per cent the flame of the lamp is 
extinguished. In using the safety lamp, the flame is first adjusted to 
standard height in a methane-free atmosphere. When the lamp is 
introduced into the suspected atmosphere, the presence and to some 
extent the proportion of methane are indicated by the appearance of a 
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Fie. 123.—Methane detector, M.S.A.W.-8 type. (U.S. Bur. Mines.) 


blue gas cap and its height above the base of the lamp flame. At 1 per 
cent the round-wick Kohler lamp gives a gas cap 0.3 in. in height, at 2 per 
cent 0.45 in., at 3 per cent 0.8 in., at 3.5 per cent 1.2 in., and at 4 per cent 
more than 1.7 in., which is the height of the glass globe exposure. In test- 
ing, the lamp is raised slowly from a position near the floor to the ceiling 
of a working, as methane tends to accumulate near ceilings or in pockets 
where ventilation is deficient. Near the floor the methane content may 
be too low to give a visible gas cap, but as the lamp is raised the cap 
becomes visible and increases in height, sometimes giving a gas cap that 
almost fills the lamp interior. An improved form of Kohler safety lamp 
is provided with a bimetallic helix mounted in a stainless-steel tube. The 
free end of the helix is attached to a pointer rod, which casts a shadow 
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upon a scale indicating the approximate percentages of methane. The 
helix coils or uncoils in response to the heating by the gas cap. Gas- 
testing safety lamps must be clean and should be assembled and condi- 
tioned by experienced lampmen. 

Several types of electrical methane detectors (Fig. 123) are available. 
They are satisfactory in quantitative indications, but all become inac- 
curate if used in atmospheres containing less than 16 per cent oxygen. 
These instruments are based on the principle that a heated coil of plati- 
num shows increased electrical resistance as its temperature is increased. 
The atmosphere to be tested is drawn through a drying tube and past 
the platinum detector coil, which is heated by an electrical current to 
about 1000°C. When no combustible gas is present the electrical 
resistance of the coil remains constant, but where methane or other 
combustible gas is present the gas burns and raises the temperature of 
the coil, thus increasing its resistance, which is measured upon a compact 
Wheatstone bridge. Usually an Edison battery supplies current for the 
operation of the instrument. Various portable models are on the market, 
with dial markings designed to meet the specific needs of the user. For 
testing methane the dial readings indicate percentages of the gas, zero 
adjustment being made in pure air. These instruments can detect and 
measure extremely low percentages of methane. 

Oxygen cannot be readily determined quantitatively except by gas- 
analysis methods. Where combustible gases are absent, the candle and 
acetylene lamp can be used to indicate oxygen deficiency. Normal 
oxygen content is 20.93 per cent; a vertical candle flame extinguishes at 
17.6 per cent oxygen at sea level; the acetylene lamp flame will burn until 
the oxygen content reaches a low of 11.5 per cent. In both cases the 
character of the flame, its height and vigor, is influenced by the oxygen 
content. The safety lamp is the safest device to test for oxygen defi- 
ciency. The appearance of its flame, which is extinguished at 16.25 per 
cent oxygen, as compared with the flame in pure air, is a measure of the 
oxygen deficiency. Where combustible gases are suspected, all open- 
flame lights should be avoided and only a properly adjusted safety lamp 
used. Flash lamps and electric cap lamps are to be avoided when enter- 
ing and testing suspected atmospheres unless a safety lamp, properly 
adjusted, is taken along. 

Carbon Monoxide is detected by means of its reaction Upon canaries 
or small animals and by the iodine pentoxide (hoolamite) detector. 
According to Bureau of Mines tests, canaries are more susceptible to 
carbon monoxide than small animals, but the response of individual birds 
is unreliable and uncertain. The iodine pentoxide detector is the most 
convenient and reliable indicator, but canaries are the best substitute 
where it cannot be obtained and entry is to be attempted. The U.S. 
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Bureau of Mines recommends that at least three birds be taken by explor- 
ing parties; the distress of any one bird may be taken as an indication of 
dangerous amounts of carbon monoxide. Birds will not indicate oxygen 
deficiency. 

The iodine pentoxide detector (Fig. 124) makes use of a mixture of - 
iodine pentoxide, fuming sulphuric acid, and granular pumice stone. In 
contact with carbon monoxide the white granules are changed from white 
to a succession of colors, bluish green of increasing depth, violet brown, 
and finally black, depending upon the concentration of carbon monoxide. 
The mixture is placed in small glass tubes tapered at the ends and her- 
metically sealed. The simple instrument in which the tube is placed, 
after both tips are broken off, consists of a metal barrel filled with acti- 
vated charcoal through which air can be drawn by means of a rubber 
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Fig. 124.—Carbon monoxide tester. (Mine Safety Appliance Co. of America.) 


hand bulband then forced through the tube containing themixture. The 
bulb is squeezed 10 times in succession, forcing about 350 cc. of air 
through the mixture in the tube. A comparison tube in which five 
permanent colors are placed is mounted on the instrument alongside the 
tube through which the air to be tested has passed. These colors indicate 
percentages of carbon monoxide from 0.1 to 1 per cent. The inlet tube 
of the metal barrel has a corrugated tip to which a length of rubber hose 
can be attached, thus enabling a sample of gas to be drawn from a dis- 
tance. The operator making tests should wear suitable respiratory 
apparatus for protection. 

Hydrogen Sulphide gas is detected by its smell. A simple type of 
detector has been devised by the Bureau of Mines. Similar to the iodine 
pentoxide detector, it makes use of small tubes tapered and sealed at the 
ends and containing silver cyanide on activated alumina. Hydrogen 
sulphide gas turns the white granules to a dark-gray color. A suitable 
respiratory apparatus should protect the operator making the tests. 

Production of Ventilating Currents.—Ventilating currents are pro- 
duced by temperature differences, natural ventilation, or the use 
of mechanically operated fans, which may exhaust the air from the work- 
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ings or may force fresh air into the mine, displacing and driving out the 
foul air. 

Rock temperatures increase 1°F. for each 50 to 250 ft. of vertical 
depth. The difference between the temperature of the air within a mine 
and the outside air produces an air current, as is indicated in a and b of 
Fig. 125. Natural ventilation as it takes place in a metal mine is shown 
in the lower figure. Air warmed in the mine workings rises and escapes 
through raises and shafts, the outside air entering through other openings 
or shafts, and thus circulation takes place. The greater the temperature 
difference, the greater the amount of air in circulation. In very deep 
mines natural air currents may be surprisingly strong. However, the 


¥ia. 125.—Natural ventilation: a, Winter conditions; b Summer conditions. 


uncertainty as to the quantity of air and the difficulty of its control, as 
well as the seasonal variations in temperature, preclude reliance upon 
natural ventilation in all large and many small mines. 

Very few examples of careful measurements of air currents circulated 
by temperature differences are available. Air volumes passing through 
the Tonopah mines in their prime were measured by B. O. Pickard. 
They ranged from 26,100 to 37,300 cu. ft. per min. as a result of natural 
ventilation. All were comparatively shallow and more or less inter- 
connected. Years ago some measurements of air volumes were made on 
the Comstock mines and upcast air from four principal shafts open at 
that time showed a total volume of 235,835 cu. ft..:per min. The incom- 
ing air of the Sutro tunnel measured over 27,000 cu. ft. per min. These 
were hot mines, but only limited work was being done. 

Mechanical Ventilation.—T wo main airways are necessary in mechan- 
ical ventilation, one for the incoming and the other for the outgoing 
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current. In doal mines these airways may be entries or shafts and slopes; 
in metal mines they may be shafts, raises, and adits. In both cases the 
fan or blower may force air through one main airway, the other being 
open, or it may exhaust the air. Individual mine conditions determine 
whether a pressure or an exhaust system will be used. In a shaft mine 
a separate shaft is used as a main airway, since a pressure or exhaust 
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Fre. 126.—Ventilation chart of a coal mine. 


system is difficult to apply to a shaft used for mine operation. In some 
cases, however, a shaft compartment may be bratticed off from the work- 
ing compartments and used as a return airway. 

Distribution and Control of Ventilating Currents.—In a metal mine 
the fan is generally used as an exhaust upon a system of raises connecting 
with the fan at the surface, the air coming in by all other shafts and 
openings; or the fan may be used underground, in which case air is 
drawn from one part of the mine and forced through raises to the sur- 
face. In other cases both underground and surface fans may be used. 

In coal mines two or more parallel entries or slopes, separated by 
pillars of coal 40 to 50 ft. in width, provide the supply and exhaust air- 
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ways. Figure 126 indicates the division or splitting of the incoming air 
between a number of cross and butt entries into the working places or 
rooms and the gathering together of the separate air currents in the main 
airway return. This general principle of air distribution is followed in 
mining operations. Certain accessories, described in the succeeding 
paragraphs, may be necessary. 

Regulators.—Regulators are gates or doors at the entrance or exit of 
each split, designed to impose added resistance to the airway so as to 
prevent excessive air flows. The split of least resistance takes the most 
air unless a regulator is placed and adjusted to pass the required amount 
of air through the split or branch. 

Break-throughs.—These are short connecting passages driven through 
the pillars as a pair of entries is advanced. They are cut through at 
distances of from 60 to 100 ft. and serve to return the air from one entry 
to the other. When the pair of entries has been advanced the permissible 
distance, another break-through is driven and the last one closed with a 
stopping, thus bringing the air to the working ends of the entries. In 
driving rooms in coal mining, break-throughs are driven at intervals, 
leading the air from room to room and keeping it close up to the working 
faces. : 

Stoppings are constructed of waste rock, concrete blocks, concrete, 
brick, or timber. Masonry stoppings are preferable, as they are freer 
from leakage. Ina coal mine many stoppings have to be constructed and 
the cost involved is large. Systematic design and construction are a 

- necessity both on account of the cost and the fact that the efficiency of the 
ventilation is dependent on the tightness of the stoppings. 

Construction of Stoppings.—Stoppings are necessary at intervals of 
from 50 to 75 ft. along main and side entries. The crudest method 
of construction (Fig. 127a) is to pack a wall of waste 6 to 10 ft. thick 
in the opening. Clay is tamped in at the top, and after settlement 
has taken place more clay is rammed in and a fairly efficient stopping 
obtained. The cost of a stopping 6 ft. thick in one mine in District 
7, Ill., was 5.4 cents per square foot of face. In another mine a stopping 
12 ft. thick cost 7 cents per square foot, not including the transportation 
of the material. A tight wall constructed of shiplap boards and banked 
with dirt on either side is another method. Brick stoppings consisting 
of a single course of brick with a reinforcing pier at the center, as shown in 
Fig. 127b, are used at some mines. Concrete walls, concrete blocks, Pyro- 
bar (bricks made of plaster of Paris), and timber are common forms of 
construction. Preference is given to brick, concrete, and concrete blocks. 
Gunite can be used to form an impervious layer over a stopping or to 
make airtight the joint between the structure and wall. The costs of 
different types as used in Illinois coal mines are given in Table 57. 
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TaBLe 57 

Si ec A aA OU AI SE SO ala ad a Pi ee Sa Da ge 
District Type of construction Total costs, cents per square foot 

Me Concrete monolith 21.6 

VI Concrete monolith 11.4 

VI Concrete monolith 15.0 

VI Brick coated with cement 16.6 : 
VII Concrete blocks 10.6 
VIII Concrete monolith Pal 


Overcasts and Undercasts.—These are necessary where two airways 
meet at a right angle in the same plane. Both serve the same function, 
although in practice the overcast is preferred. The overcast may be 
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Fre. 127.—Stoppings. 


likened to a bridge. It is constructed by blocking the ends of the cross 
airway with stoppings, constructing a U-shaped passageway above the 
other airway, as shown in Fig. 128, and bridging the stoppings with an 
airtight floor. Overcasts are constructed of timber, timber and steel, 
brick, monolithic concrete, cement blocks, steel and concrete, Pyrobar, 
and brick and timber. 
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Doors are necessary at many points to prevent short-circuiting 
of the air current during the passage of cars and locomotives. They 
are usually constructed in pairs so that in principle they act as an air 
lock. The distance between the doors is sufficient to accommodate a 
train of cars and locomotive. They are arranged to open against the 
air current. In many cases heavy wooden doors are used, 
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Fig. 129.—Canton mine door. 


The Canton mine door shown in Fig. 129 has many advantageous 
features. It consists of a pair of light metal doors placed at an angle 
to the center line of the haulage way. The doors can be opened by a 
lever which is operated by hand or by the trip of cars. The doors open 
in opposite directions. 

Explosion Doors.—Explosion doors are sometimes constructed in 
stoppings with the object of preventing the blowing down of the stopping. 
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It is evident that the lighter forms of construction are liable to destruc- 
tion in the case of an explosion. Stoppings must be repaired where 
destroyed in order to carry the air into the workings, and much delay 
may ensue. Explosion doors therefore serve to protect the stoppings, 
and their use may enable a mine to be quickly and safely entered after 
an explosion. | At one Illinois mine it is the practice to place a door, 4 ft. 
3 in. wide and of a height equal to the height of the stopping, in every 
eighth stopping. The door is constructed of two thicknesses of 1-in. 
lumber, provided with an iron rod at the top, and is lightly fastened at 
the bottom. 

Brattices are used where it is necessary to ventilate dead ends. Single 
entries and rooms driven considerable distances beyond break-throughs 
require the use of brattices for proper ventilation. The brattice is a 
partition constructed of cloth and dividing the entry or room into two 
parts lengthwise of the working. A line of props is necessary in order to 
carry the cloth. Air passes up one side of the partition and down the 
other. Brattice cloth, of which many types are available, consists of 
canvas or tightly woven burlap treated with chemicals (ammonium 
phosphate) or some composition to render it fireproof. 

Air Pipes.—Air pipes, which are also used for the ventilation of dead 
ends, in some respects are more convenient than brattices. Air pipe is 
constructed of galvanized iron in 12-ft. lengths, joined by bell-and-spigot 
joints. The longitudinal seams are riveted and soldered. The joints are 
wrapped with several layers of tarred burlap held in place by rope or wire. 
The diameters used are 6, 8, 11, 15, and 19 in. An air pipe is suspended 
by light U-shaped hangers, the ends of which are driven into timbers. <A 
hanger is placed at the center and at the end of each section. In some 
cases ropes are used. Usually power-driven fans furnish the air to the 
air pipe. Canvas pipe rendered impervious to air by a special composi- 
tion has been found convenient for directing air currents in metal mines 
and avoids some of the objections to cloth brattices. Ventilation of 
shafts during construction is effected by air pipes or by a wooden parti- 
tion or brattice dividing one compartment from the other. 

Curtains are used where temporary stoppings are required. They are 
constructed of canvas or brattice cloth. They afford at best only a 
partial barrier to the air current. In long-wall mining, gates are partially 
closed by a half curtain. This prevents too large a volume of air from 
passing through the gate. 

Tunnels and Adits.—Ventilation of tunnels and adits during con- 
struction is effected by air pipes or by shafts that connect with the 
tunnel at intervals. It is obvious that the latter method can be used 
only where the cover is of nominal thickness. In prospecting work 
various expedients are resorted to to obviate the use of power. 
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Velocity of Air Currents.—The velocity of air currents in airways is 
restricted. In main airways velocities of 1,000 ft. per min. or greater 
are permissible, while in splits the greatest velocity should not exceed 
600 to 700 ft. per min. The Pennsylvania mining law (anthracite) 
limits the velocity of air to a maximum of 450 ft. per min. in each split. 

Control of Ventilation——The control of ventilation is best effected 
by constructing a ventilating chart showing the main air currents and first 
and second splits. The length and cross section of each split and the 
quantity of air are shown on the chart. At regular intervals the quantity 
of air in both main and subordinate airways is determined by anemometer 
measurement, and where changes are required doors and regulators 
should be readjusted. Tests of the quality of the air in different parts 
of the mine should also be made at intervals. 

Barometric observations are regularly taken at coal mines. They are 
especially necessary at gaseous mines, since periods of low barometric 
pressure have sometimes been found to coincide with excessive out- 
pourings of gas. A low barometer indicates danger. 

In dry and dusty coal mines daily observations of underground 
humidity are necessary, and whenever the relative humidity falls below 
a safe minimum immediate steps should be taken to charge the air cur- 
rents with moisture. A dusty mine can be kept safe by wetting down 
the coal dust at frequent intervals and preventing the dust from drying 
out by keeping the air current near saturation.! 

In metal mines conditions are less critical, and less detailed attention 
is given to the control of ventilation. Nevertheless it is an important 
feature, and mine foremen should be required to make the necessary 
observations from time to time. The ventilation system should come 
up for general review and study by the superintendent at least once a 
year. In all metal mines air pipe and fans should be provided for tem- 
porary use in ventilating dead ends while connection is being made 
through raises and winzes. . 

Formulas for the Flow of Air through Workings.— Mine ventilation 
formulas stem from the work of J. J. Atkinson (1854) and from the study 
of the flow of fluids through pipes. Their use enables approximations to 
be made relative to quantities, pressures, power, and other factors. The 
following symbols are used. 

P = pressure, pounds per square foot of net section of airway. 

a = net area of airway, square feet. 

7 = inches of water pressure above atmospheric pressure as meas- 
ured by a manometer. 

Q = quantity of air flow, cubic feet per minute. 

V = velocity, feet per minute. (Average over section.) 


1 See Bull. 83, U.S. Bur. Mines, for discussion of humidity in coal mines. 
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K = friction factor at standard air density of 0.075 lb. per cu. ft.; 
for other densities multiply by the ratio of observed air density 
and standard air density. It is the pressure in pounds required 
to overcome the friction caused by 1 sq. ft. of rubbing surface 
at unit velocity. 

S = inner surface of airway, or length by perimeter; square feet. 

Hp = horsepower for given quantity and pressure. 

P, = static pressure. 

P., = velocity pressure. 

The value of K at standard density is summarized from various 
authorities as follows. 


Il 


For galvanized iron piping: 0.000,000,0016. 

For canvas piping: 0.000,000,0022. 

For air passages that are concreted, wood-lined, or of exceptional smooth- 
ness, untimbered, straight, regular, and free from obstructions: 
0.000,000,0036. 

For air passages that are untimbered, fairly smooth, straight, unob- 
structed, and regular in size: 0.000,000,0073. 

For air passages that are untimbered and moderately crooked, irregular, 
obstructed, and rough: 0.000,000,0109. 

For air passages that are timbered but otherwise fairly smooth, straight, 
unobstructed, and regular in size: 0.000,000,0146. 

For air passages that are timbered and moderately crooked, irregular, 
obstructed, and rough: 0.000,000,0182. 

For air passages that are timbered and very crooked, irregular, and rough: 
0.000,000,0219. 


The following formulas are’ generally used: 


p = KSV? _ KS@ 
a a 
Pa’ 
Seaman es 
P= 5.23 


Velocity pressure in inches of water gage i 
= 0.000,000,0623 V? for standard pressure. 
P, + Py, = total pressure to overcome friction and velocity = P;,: 
a eV 
TP = 33 000° 


Where two or more airways branch from a given point, the quantity 
of air taken by each branch (Qi, Qe, Qs) from the total quantity delivered 
at the branching is given by the following formula: 
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a3 
ae See ieee Sete “eee 


Similar formulas may be written for Q. and Q;. The factor a A [ae im Gis 


sometimes called the pressure potential of the split. Thus the amount of 
air taken by a given split is the total quantity multiplied by the ratio of 
the pressure potential of the split and the sum of all the pressure poten- 
tials of all the splits originating at the given point. The pressure at the 
entrance of each split is the same. 

W. D. Sheldon, Jr., in reference to parallel airways, defines the specific 
capacity of each airway as the ratio of the quantity flowing and the square 
root of the inches of water gage necessary to overcome the resistance of 
the particular airway and the quantity assumed for the airway; in other 
words, the capacity of the airway per inch of water gage. The capacity 
of each airway is the ratio of its specific capacity and the sum of all the 
specific capacities of the parallel airways multiplied by the total quan- 
tity of air to be divided. The resistance of the multiple airways in inches 
of water gage is the square of the total quantity of air divided by the 
square of the sum of the specific capacities of the airways. 

The application of the equation for splitting air currents is exemplified 
by the following. Assume that three airways receive their supply of air 
from a main airway carrying 50,000 cu. ft. per min. The dimensions of 
the airways are as follows: (A) 10 by 6 by 1,000 ft. long; (B) 4 by 6 by 
300 ft. long; (C) 12 by 8 by 2,000 ft. long. 


The value of a a for each airway is (A) 3.13833; (B) 1.5178; (C) 
3.3255. The sum is 7.9766. ‘The amount of air in each airway is given 


Ser . $.1833° 1.5178 3.3255 
by the product of the respective ratios 79766) 7.0760 7.9766’ and the 


total quantity of 50,000 cu. ft. The percentage division is, respectively, 
39.3, 19, and 41.7. The quantities are, respectively, 19,650, 9,500, and 
20,850 cu. ft. per min. 

Resistance of Mine.—The simplest mine development provides for 
an incoming airway, an intervening area in which the air supply is divided 
into one or more airways (more or less parallel when more than one), and 
an outgoing airway that collects the air and discharges it into the atmos- 
phere. Where the length and other conditions of the airways can be 
determined, the resistance of the mine may be approximated by deter- 
ming the respective resistances of the incoming and outgoing airways and 
the resistance of the parallel or net of airways connecting these main air- 
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ways. To facilitate this calculation, the probable quantity of air that 
may be required by the mine may be assumed. : 

Each mine is a separate problem. The factors that enter into the 
picture are underground temperatures and humidities at working places, 
the number of men employed, the amount of blasting, the amount and 
kind of ore movement, and the dust problem. In coal mines the libera- 

‘tion of methane and other gases from the coal must be considered. 
Conditioning of air, lowering underground temperatures, increasing or 
decreasing humidity, and diluting dust-laden air are factors having to do 
with the quantity of air in circulation. On the other hand, the pressure 
required to force air through a mine varies as the square of the quantity as 
well as the square of the velocity, while the power varies directly as the 
product of pressure and quantity. Permissible velocities vary and may 
be relatively higher in main airways than in working places. To double 
the quantity of air flowing in a given mine require 4 times the pressure. 
Very deep, large mines require large quantities of air in circulation, and 
where high temperatures are encountered still larger quantities are neces- 
sary. The ventilation layout requires good engineering wherever high 
efficiency is desired. 

Types of Fans.—Primary units or fans, for serving the whole or a 
considerable part of a mine, evolved in an interesting way. Coal mining 
first felt the need for controlled ventilation. Ventilating furnaces, 
long used in English coal mines, were supplanted by power-driven fans 
and blowers. One of the earliest of these was the Root blower, which 
still survives and is useful where high pressures are necessary. Early use 
of the propeller fan did not survive, and the large-diameter slow-speed 
centrifugal fan such as the Guibal and similar types became dominant. 
These fans were used as exhausters and were provided with a flared 
upcast and a direct-connected steam engine. Various designs, some of 
smaller diameter and higher speed, were developed and finally resulted 
in the modern centrifugal fan, which has been widely used for both coal- 
and metal-mine ventilation. 

The centrifugal fan has many shallow blades close to the periphery 
of the rotor. Forward-tipped and backward-tipped blade rotors more 
or less supplanted radial and other blade designs. Higher speeds, 
smaller diameters, and better efficiencies were obtained with these fans, 
of which many are in use. The forward-tipped blade type requires about 
3,000 ft. per min. peripheral speed and the backward-tipped type about 
5,000 ft. per min. to develop l-in. water gage. A rapidly rising 
power curve characterizes the forward-curved type as the pressure 
diminishes and the quantity of air delivered increases; the full backward- 
curved type gives a power curve that reaches a maximum and then dimin- 
ishes as static pressure declines and quantity increases. The latter is 
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called a nonoverloading fan, while the former requires an oversize motor 
for its drive. 

The disk fan is the pioneer of the propeller-type fan. It has six 
broad-ended blades within a short cylindrical housing. Peripheral speed 
in the largest fans was about 7,000 to 10,000 ft. per min. The pressure 
characteristic was low, some 1.5-in. water gage. It was low in cost and 
easily installed, and could be direct-driven by motor. Its efficiency was 
low. Many fans of this kind were installed in small mines where mine 
resistance was low. 

The inception of the modern propeller fan was probably an outgrowth 
of the experiments made by F. A. Steart in 1923. He tried out two- 
bladed airplane propellers mounted in series upon a shaft driven by a 
motor. A mechanical efficiency of some 70 per cent and a pressure of 
3.5-in. water gage was obtained with six propellers mounted upon a 
common shaft. His work attracted attention, and subsequently various 
designs of multi-blade propeller fans appeared to which the general term 
‘““axial-flow fan’? has been applied. 

As an example of the simplest axial-flow fan, the Aerodyne Junior 
consists of a 12-bladed rotor 3 to 10 ft. in diameter, blades narrow-tipped, 
in a short cylindrical housing that also supports the shaft bearings. An 
overhung pulley provides for a V-belt drive. Pressure is up to 2-in. water 
gage. A two-stage arrangement, which develops pressures up to 4-in. 
water gage, consists of two rotors with stationary diffusion plates between 
them. Another example is the 8H Aerodyne, which consists of an eight- 
bladed rotor within a cylindrical housing. Guide vanes are behind the 
rotor. The ellipsoidal, stream-lined rotor shell closes out the hub 
section, preventing backflows and shaping the discharge current. Hub 
adjustments vary the pitch of the blades, which are curved and rectangu- 
lar in shape. This type is called a vane axial-flow fan. Maximum 
peripheral speeds of such a fan are 25,000 ft. per min., and maximum 
pressures are about 8-in. water gage or more. 

Maximum static efficiency of the foregoing axial-flow fans depends 
upon the pitch of the blades and the specific volume of the fan. Specific 
volume is the quantity of air in cubic feet per minute divided by the 
product of the square of the fan diameter and the square root of the 
pressure in inches of water gage for air of 0.075 Ib. per cu. ft. Maximum 
static efficiency is approximately 75 per cent for a specific volume range 
of 1,400 to 2,200 cu. ft. per min. Below and above these limits static 
efficiency diminishes. 

Nonoverloading characteristic, a wide range of quantities and pres- 
sures for a single unit, simplicity of construction, and low cost of installa- 
tion are important advantages of the axial-flow type of fan. Ventilating 
currents may be reversed by changing the direction of rotation. 
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Secondary, supplementary, or booster service is supplied by smaller 
fan units installed at various points underground and drawing their air 
supply from the main ventilating currents. Usually centrifugal fans of 
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the forward-tipped blade type are used for this service where Ventube or 
ventilating pipe may be required to ventilate dead ends. They are 
driven by direct-connected motors. Compact, light-weight propeller 
type blowers such as the Coppus and similar ones are widely used because 
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they are readily portable and efficient. Small axial-flow fans are also 
being used for booster service in high-resistance airways. 

The high-pressure blower, such as the Root, is used for the ventilating 
of long tunnels under construction. Pressure is measured in pounds 
rather than inches of water gage. Conduits are often of great length. 
They may be used as either exhausters or blowers and are sometimes 
driven by variable-speed motors. 

Fan Rating.—Centrifugal fans are given rating curves by the manu- 
facturer. The rating curve is determined by connecting the fan dis- 
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Specific volume, c.f.m. 
lig. 130a.—Relation between specific volume, fan speed, and static efficiency for various 
blade positions. (Jeffrey Mfg. Co.) 
charge to a short duct of the same area as that of the fan discharge and 
operating the fan at its designed speed. Pressure, quantity, and power 
readings are made for the fan with the duct completely closed and at 
various fractions of opening, up to full opening. From these readings, 
which are plotted to show the relation between quantity and pressure, 
quantity and power, the mechanical efficiency of the fan may be calcu- 
lated. For a given speed there is a corresponding quantity and pressure. 
For a constant duct opening and air density, the quantity discharged 
varies directly as the speed or r.p.m. of the fan wheel; pressure varies as 
the square, and power varies as its cube; but the mechanical efficiency 
remains constant. Thus, if the rating for a fan is known for a given 
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speed, its corresponding quantity, pressure, and power can be calculated 
for other speeds. The upper limit of speed for a given fan is deter- 
mined by its mechanical design, the strength of the materials used in its 
construction, and the factor of safety assumed for the conditions of 
maximum output. Figure 130 illustrates rating curves for an axial-flow 
‘fan. Figure 130a indicates relation between specific volume, fan speed, 
and static efficiencies for axial-flow fan. 

Three terms used in describing fan performance require definition. 
Static pressure, measured close to the fan, is the pressure against the walls 
of a duct into which a stream of air is forced; velocity pressure is the pres- 
sure required to produce a given velocity in the duct; and total pressure 
is static pressure plus velocity pressure. In determining the static 
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Fig. 131.—Ventilating fan connections. 


pressure of a pressure fan the connecting tube of the manometer is placed 
flush with the walls of the duct while total pressure requires that the inlet 
tube of the manometer extend into the duct and face the direction of the 
air current; the difference between the total and static pressures is the 
velocity pressure. Fan efficiencies are often based on static pressure. 
The static pressure of an exhaust fan is negative or below the atmospheric 
pressure, and the corresponding total pressure is less than the static 
pressure by an amount equal to the velocity pressure. Centrifugal fans 
may be expected to give mechanical efficiencies of 60 to 75 per cent and 
propeller fans up to 80 per cent or better in well-designed units. Tapered 
discharge sections are a feature of axial-flow or propeller fans; guide vanes 
also control turbulence. 

Surface Arrangements of Fans.—Three methods of- connecting fans 
with mine workings are shown in Fig. 131. The first of these, a, is the 
usual method of connecting a fan with the ventilating entry where con- 


VENTILATION AND ILLUMINATION 307 


nection is made with the surface. The entry is extended to the surface 
and terminates in a pair of explosion doors. At right angles to the entry 
a connection is made to the fan drift. The airways are supported 
by concrete. The arrangement can be used with either pressure or 
exhaust fans. A connection with an upcast shaft is illustrated in b. 
Inc is shown an arrangement where the upcast shaft is used as a working 
shaft. The top of the shaft is connected with a steel housing. On the 
landing level an air lock, constructed of steel and of sufficient size to 
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Via. 132.—Axial-flow fan and details of installation, Moose shaft, Butte. (A.J.M.E.) 


accommodate several cars, is connected with the housing. Steel doors 
are used. Small hand-operated valves are placed in the doors so that the 
air pressure can be equalized on either side of a door, thus allowing each 
door to be opened easily. The hoisting rope passes through a heavy 
wooden plate, on the top of which is a loose wooden plate. The lateral 
vibration of the rope swings the latter from side to side. The double 
plate makes a moderately efficient joint. In some shaft arrangements 
air locks are provided on each side of the landing housing. An extreme 
arrangement for an upcast shaft consists in the construction of the shaft 
house in such a manner as to permit the entire landing floor to be placed 
under the vacuum of the fan. Cars can be caged and removed from the 
cage without the use of air locks. Steel and masonry construction is 
necessary to accomplish this, and the arrangement is on the whole too 
costly to be used except under unusual conditions. Figure 132 illustrates 
the installation of an axial-flow fan at the Moose shaft in Butte. 
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Ventilation of Metal Mines.— During exploratory operations mechan- 
ical ventilation of dead ends is essential. For this purpose small fans or 
blowers and air pipe or canvas piping are generally used. The modern 
canvas duct has displaced the metal air pipe, as it can be more conven- 
iently used and its flexibility is an asset. Compressed-air-operated 
blowers of the Coppus type are widely employed where electric power is 
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Fre. 133.—Fan ventilation, longitudinal section. 


not available underground. They are far more reliable than exhaust 
from air drills and give dependable ventilation. Injector blowers are 
also used but are not so satisfactory or economical as the mechanical 
blowers. 

When secondary outlets are holed through to the surface, natural 
ventilation begins and may suffice for much of the mine area; as stopes 
connect levels more air circulates, and relatively small amounts of air 
are required in exploratory operations. As development levels are 
extended, natural ventilation may be enhanced by generous cross sections, 
by special care in planning inlet and outlet airways, and by a general plan. 
Auxiliary power ventilation is always necessary for dead ends such as 
drifts, crosscuts, winzes, and raises. 

In shaft mines, inlet and outlet shafts or an inlet shaft and an outlet to 
the surface through a series of raises are a minimum requiremént. An 
exhaust fan connects with the outlet. Fans are sometimes placed under- 
ground. Figures 133 and 134 show two generalized plans. The ventila- 
tion plan for large mines may be very complex. Blasting fumes are taken 
care of at points of blasting by water blasts or sprays and by opening 
compressed-air valves near the face. Dust is diluted by air blown 
through flexible pipe at the face, by wet drilling, and by wetting down by 
water sprays. Dust at loading chutes is minimized by wetting down, by 
water sprays, by ventilating currents, or by removal by exhaust fans to 
filtering units or spray chambers. 
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»In the mining of large bodies of sulphide ore difficulty has arisen 
over the frequent occurrence of mine fires that originate in the mined-out 
periphery of the ore body and are exceedingly difficult to control or 
extinguish. Fire zones are bulkheaded and the sulphurous smoke is 
sealed off. In spite of this precaution, sulphur smoke sometimes pene- 
trates the workings and interferes seriously with operations. At present 
the practice is to surround fire zones with air under moderate pressure, 
which causes an inflow of air to the fire zone and effectually prevents the 
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Vira. 134.—Fan ventilation, Jongitudinal section. 


sulphur smoke from reaching the workings. This is accomplished by 
pressure fans and by making incasts of the connecting passages leading to 
the fire zone.’ The high temperatures that often. characterize the 
workings near fire zones are reduced by forcing larger volumes of air 
through them than can be obtained by natural ventilation.’ 

Ventilation of Coal Mines.—The distribution of the air currents in 
long-wall workings is illustrated by Fig. 135, which is taken from Bulletin 
2, Illinois Coal Mining Investigations. 'The example is typical. Figure 
136 illustrates the distribution of air in room-and-pillar workings. The 
ventilation of a coal mine, ‘unlike that of a metal mine, is more or less 
systematically planned before the mine is opened. Provision is made for 
upcast and downecast shafts and airways. In the chapter on Develop- 
ment several mine plans are given and serve to illustrate the systems in 
use. The quantity of air is determined by the probable maximum daily 
output of the mine; the permissible velocities and the length of the 
airways can be taken from the preliminary development plan, and the 
cross sections of main and side entries are determined. The probable 
resistance of the mine is next calculated by adding the resistances of 
inlet and outlet airways and the resistance of one or more side entries. 


1 ire Fighting Methods at Mountain View Mine. 7’rans. A.J.M.E., vol. 52, 


p. 534, 
2 Ventilation of the Copper Queen Mine. Trans. A.I.M.E., vol. 52, p. 508. 
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Fig. 136.—Plan of ventilating system used in room-and-pillar coal mining. 


Since the side entries are ventilated by parallel air currents that are 
fractional parts of the main air current, their resistances are not cumula- 
tive. The two factors, quantity of air and mine resistance, determine 
the size and type of fan required. 

The proportioning of airways is an important feature. The necessity 
of avoiding excessive velocities and high resistances by the use of airways 
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of ample cross section is illustrated by Tables 58 and 59. The pressure 
and horsepower required have been calculated for an airway 1,000 ft. in 
length and for different quantities of air. For purposes of comparison, 
an airway of twice the cross section and carrying 100,000 cu. ft. per min. 


TaBLE 58.—Lenerux or Arrway 1,000 Fr. (K = 0.00000001) 


Dimensions | Arey | Velocity fe] Vol. ow ft. | Water | stp, air |, Hs $0.per, 
8 X 6.25 50 500 25,000 0.274 1.08 2.16 
8 X 6.25 50 750 37,500 0.617 3.63 7.26 
8 X 6.25 50 1,000 50,000 1.100 8.61 17.22 
8 X 6.25 50 2,000 100,000 4.385 68.84 137.68 
Sexe Zino 100 1,000 100,000 0.788 12.37 24.74 

TaBLE 59 
Cost per hp.-hr. 
: Cost, 24 hr. at | Cos er 1,000 
OU Sie a pee 1 Pad Bp che Guat por D4 hr. 
0.5 1.0 2 3 

25,000 $.0108 | $ .0216 | $ .0432 | $ .0648 $0.5184 $0 .0207 
37,500 .0363 .0726 . 1452 .2178 1.7424 0.0464 
50,000 0861 1722 . 3444 .5166 4.1328 0.0826 
100,000 . 6824 1.3768 2.7536 4.1304 33.043 0.3304 
100,000 .1247 2478 .4948 7422 5.938 0.0593 


has been calculated. In the second table power costs have been calcu- 
lated, as well as the cost per unit of 1,000 cu. ft. per 24 hr. The compari- 
son is obvious. The last two examples raise the question of comparative 
costs of construction. The airway of 100-sq. ft. cross section may be 
expected to,cost somewhat less than twice as much as the 50-sq. ft. cross 
section. If we assume a cost of construction of 10 cents per cubic foot 
and the cost of the larger airway as twice that of the smaller, the respective 
costs are $10,000 and $5,000 per 1,000 ft. Assuming a year of 250 days, 
the respective power costs for the airways are $1,484.50 and $8,260 
(power at 1 cent per horsepower-hour). The larger airway may be 
expected to cost more for annual maintenance, but this would not be 
sufficient to add more than a nominal sum to the power cost. The 
differential in power costs in favor of the larger airway greatly over- 
balances the increased cost of construction. An extreme example has 
been taken in order to point out the necessity of comparing construction, 
maintenance, and power costs for airways of different cross section. 

Gob fires, sometimes encountered in long-wall workings, are caused by 
a combination of factors, such as fine particles of coal, finely divided 
iron pyrites, moisture, air confined in the interstices of the gob, and roof 
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pressure. They are controlled by bulkheads constructed about the fire 
zone and by pressure ventilation. 

Cost of Ventilation.—The cost of ventilation is a small charge against 
mining when compared with other cost items. Included are power, 
supplies, labor, and the repairs of airways. Supplies and labor are 
nominal in amount. Where motor drives are used, attendance is reduced 
by distant control and by thermal couples at important bearings, which 
operate relays sounding alarms when unsafe conditions arise. The main- 
tenance of airways is a variable item. In many coal mines the auxiliary 
airways are timbered only where needed, and only enough work is done 
upon them to keep them open. Roof falls are allowed to remain where 
they do not make too serious an obstruction.. As main airways are sub- 
stantially timbered, their maintenance is seldom costly. By the use of 
treated timber, maintenance is reduced to a minimum figure. In large 
metal and coal mines a ventilating engineer is given charge of the venti- 
lating system and provided with a sufficient number of assistants to 
inspect and to control the mine ventilation. 

A summary of mine ventilation costs, as given by G. E. McElroy, 
shows a range of 0.8 to 11 cents per 100,000 cu. ft. of air; cubic feet of air 
per minute per horsepower ranged from 390 to 1,440 cu. ft. for main fans; 
total air circulated ranged from 40,000 to 350,000 cu. ft. per min.; mean 
yearly costs ranged from $11,656 to $97,899; costs per ton of ore from 
0.32 to 18.7 cents. 

In Technical Publication 979, A.I.M.E., C. B. Foraker gives details 
of the ventilation costs of the Magma mine A Ameeany The average for 
6 years was computed as follows: Labor $9,078, power $17,339, and sup- 
plies $7,823, or a total of $34,240. The unit costs per ton of ore ranged 
from 0.115 to 0.216 cents and per pound of copper from 0.00088 to 0.0014 
cents. Of the total ventilation costs labor constituted 26.51 per cent, 
power 50.64 per cent, ‘and supplies 22.85 per cent. An air-conditioning 
plant installed at Magma required 494,310 kw.-hr. for its operation dur- 
ing the month of November, 1937, or 15.93 kw.-hr. per ton of ore mined. 
Exclusive of power the cost of operating the plant was $685.74 for labor 
and $17.33 for supplies; cost per ton of ore mined was 2.26 cents. 

Air Conditioning.—High humidity conditions prevail in most mines, 
and where temperatures exceed 90°F. efforts are made to control the 
humidity of the working places by conditioning the air. An increased 
quantity of air was the first expedient. At the Champion Reef mine 
(India) air flow was increased to 600,000 cu. ft. per min., or 13 tons of air 
per ton of ore, but precooling of the inflowing air became necessary; in the 
Rand mines (South Africa) air quantities in the very deep hot mines ap- 
proximated 10 tons per ton of ore, but in the deepest mines precooling 
became necessary; in 1922 ventilation at the Ooregum mine (India) was 
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increased from 80,000 to 200,000 cu. ft. per min., or 20 tons of air per ton 
of ore, but here also precooling finally became necessary. Mines exceed- 
ing 5,000 ft. in depth and mines in formations where the temperature 
gradient is high are confronted with the necessity of precooling and de- 
humidifying. In the accompanying table are given data of important 
mines where refrigerating equipment has been installed. The number of 
such mines is small. 


Derr Mines Havine REFRIGERATING EQUIPMENT FOR PRECOOLING AIR 


Working temperature, 
Rock = 
Mine Date Depth, ft. temp., 
sae Wet Dry 
bulb’ bulb 
Morro Velho" (Brazil). is.......... 1920 | 8,050 130 81 |90-126| S 
TODO ere re t-sie, shh ate et hosaacr Al aca era U 
: 1939 Sats tetra FP tee |: Pcp cake tae S 
Randfontem Bstatesi(S, Afr.)....,..| 1982 ).......... aid on | Men eevee Lee U 
Robinsons Deep.) = cra. ssa. ewes! 19849) 8500 OSD com lereeeaae S 
Christshahtiawem cas ond. A -cakey NO AU aoe eee Bia IA Ate ee | cane cea S 
[SYS ASE ee Dees eee ean te en 1936 | 4,100-4,400/ 120 |......|...... S-U 
Mapmaa (UL Ss) eed. aie, ony ee Ai Shae 1937 | 4,400-4,600| 150 | 78.5 | 88.5 |U 
ore rumon (inca) eeevanae ines eee 1938 | 8,500 134 | 73-83)97-117| S 
Champion Reef (India)............ 1940 | 8,500 | SAS eck ee | ees S 


Norr.—S = refrigerating plant at surface; U = refrigerating plant underground. At the Morro 
Velho a refrigerating plant was installed in 1929 on the 6,000-ft. level but was removed to the surface 
in 1939. 

A. Caplan states that in the Kolar deep mines a dry-bulb temperature 
as high as 120°F. with wet-bulb temperatures not higher than 85°F. 
and air velocity not exceeding 600 ft. per min. can be withstood by 
miners. Circulation of precooled or dehumidified air lowers both dry- 
bulb and wet-bulb temperatures and may give control over working 
temperatures. Most of the refrigeration installations are placed at the 
surface because cooling water is readily available there and also because 
at great depths circulation of cooling water from the surface is not practi- 
cable. In the Butte mines cooling water is circulated from the surface 
to the 3,600-ft. level and to the air-cooling units at the deep levels. It is 
then returned to the surface, where its temperature is lowered in cooling 
-towers. At Magma underground water is available for cooling and the 
refrigerating units are placed underground. Placing the units close to 
the hot zones of the mine is favored where cooling water is available or can 
be circulated by pumping. 

In extremely cold conditions it is sometimes necessary to heat air 
currents entering the mine so as to prevent the formation of ice in shafts 
and entries. This is done by turning steam into the air current and by 
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providing heating radiation in the airway. In some coal mines where 
very dry conditions prevail air sprays are operated so as to increase air 
humidities and diminish the hazards from coal dust; steam ‘is also turned 
into the airways for the same purpose. 

Where dust zones occur in a metal mine, as at loading antes trans- 
fers, and underground crushers, bag filtering units are installed to reduce 
the dust content of the air; in some cases spray chambers are installed 
and the air is forced through them for the same purpose. 


ILLUMINATION 


Stationary Lighting—Underground lighting in metal mines is 
effected by electric lights where electric power is available. The princi- 
pal points where lights are placed are at stations and along main drifts and 
crosscuts. The incandescent light of moderate candle power is very 
generally used. From two to four lights are placed at stations, depending 
on the size. In shafts where ladderways are used, which is often the case 
in shallow mines, lights are placed above each landing. In drifts lights 
are spaced at intervals of 100 to 200 ft. in straight portions, and a single 
lamp is placed at every turn. The lighting facilities should be excep- 
tionally good wherever machinery is employed underground. Adequate 

‘illumination is a factor in the prevention of accidents. 

For night work in open pits are lights supported on masts are often 
used for general illumination. The mast should be supported on skids in 
such a manner as to enable the light to be conveniently moved. Gasoline 
flare lamps and portable acetylene lamps of large size are used where 
electric power is not available. 

In coal mines incandescent lights protected by heavy glass outer 
globes and metal cages are used for general illumination at shaft bottoms, 
fresh-air inlets, switches, doors, and to some extent in rooms; semiportable 
lamps supplied by flexible cords are used in repair barns, for inspecting 
machinery, and to some extent in rooms and entries; projector types of 
lamps are used for floodlighting nongassy working places and areas; 
explosion-proof headlights are used on locomotives. All other types of 
lights are portable or have storage-battery sources of power. In gaseous 
mines permissible lamps are essential. 

In shaft sinking in metal-mine operations, the shaft bottom is illumi- 
nated by a cluster of incandescent lamps with reflector and wire cage and 
a flexible cable unwound from a reel at the surface or other point from 
which sinking starts. Where power is not available, miner’s lamps are 
used. 

Reflecting signs for various purposes are made from half-inch reflecting 
buttons and are used both in coal and metal mines at critical places such 
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as exits, switches, derails, safety stations, direction points, safety equip- 
ment stations, and first-aid stations. 

Miner’s Lamps.—Candles and oil and carbide lamps are used for 
illumination in small operations, prospecting, and exploration. In 
large, systematic metal-mining operations and in coal mining the electric 
miner’s lamp is widely used and can be considered standard. The dry- 
battery flash lamp is an important emergency light. Portable electric 
flood lamps, storage-battery and dry-battery types, are also used in 
underground lighting where power circuits are not available and where 
better lighting is required than can be furnished by the miner’s lamp. 
Lamp design has kept pace with the miners’ requirements, and the 
market supplies excellent types for normal and emergency use. 


The carbide cap lamp (Fig. 137) was widely used at onetime. It carried 
enough carbide to burn about 4 hr., and an extra font and a supply of 
carbide more than sufficient for a shift’s use was given the miner. The 
miner’s canteen furnished the water supply. Hand carbide lamps 
containing sufficient carbide for a shift’s use are also used. Carbide 
lamps give better illumination than candles and their cost is about half 
that of candle illumination. Where open lights are permissible in coal 
mining the carbide still continues to be used to some extent, but it is now 
largely displaced by the electric lamp. 

The electric cap lamp was developed to give a better light than could 
be obtained by the oil, naphtha, or benzene safety lamp. A number of 
makes that meet the exacting standards of the U.S. Bureau of Mines are 
available. Where approved they are called permissible electric lamps. 
Such lamps may be used in gaseous atmospheres. They are sealed and 
so locked as to prevent tampering by the user. The lamp attached to the 
miner’s cap is supplied with current by a flexible cord from a small storage 
battery attached to his belt. The battery carries a sufficient charge to 
meet’ the’ requirements of a shift’s operation. The total weight of an 
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electric lamp ranges from 3.6 to 5.3 lb.; usually two bulbs are provided in 
the cap piece, one for normal lighting and the other for emergency use. 
The storage battery is of the two- or three-cell alkaline or lead-acid type. 


Detail of bonnet b 4 
and stiffening ring j mca, 4 

Detail of tower gauze Detail of expansion ring! 
fing t 


SECTION A-A Wolf 


Fig. 139.—Details of Wolf safety lamp on left—a, hood; b, bonnet; d, inner gauze; 
e, louvers; f, bail; 7, wick adjuster; w, relighter. On right, improved Koehler (B) and 
Wolf (C) lamps with bimetal helix units and pointers to indicate methane content. A— 
Bimetal helix unit; B and C are mountings of unit. (U.S. Bur. Mines.) 


Since 1928 the Bureau has recommended the use of the electric cap lamp 
of the permissible type in all coal mines. Metal mines experimented with 
the coal miner’s electric cap lamp and found it to be so much more satis- 
factory than the carbide lamp that it is now in general use. See Fig. 138. 
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Flame-type safety lamps, Wolf, Koehler, and others, and permissible 
types with seal or magnetic locks and relighters preceded the electric 
lamps and are still in use to some extent. The latest permissible types 
of such lamps are now used for testing gaseous and oxygen-depleted 
atmospheres and are almost indispensable for this purpose. Figure 139 
shows the construction of such a lamp and Table 60 gives weight data. 

Electric lamps of the battery type have been designed for special 
purposes such as signaling, floodlighting, wear by animals, and hand use. 
For intermittent lighting and emergency use several kinds of permissible 
flashlights are available. 

ue House and Servicing.—Systematic Sean: and repair of 
miners’ lamps are necessary, and at most mines a lamp room for storing 
and issuing lamps and a repair shop for maintenance and repair are pro- 
vided. Battery-charging racks are required for electric lamps. Experi- 
enced lampmen are necessary where modern permissible lamps are in use, 
as the permissible flame safety lamp must be in prime condition before 
it can be used. 


TasLe 60.—WeIcHtT or Lamps, Pounps (PERMISSIBLE TyPEs) 


Lamp Saas Lamp Eres 
Koehler-Nsteelic 7 o... Haste A tes 3.37 | M.S.A. hand lamp, model H 
IX@Gnligic. AallvnsaT MTN, cons come goa IN 7AHCI| (belie by ie anmeaue ude scam es Skecen 5.06 
Wrolftsteel tn. cart. aa ake cist ae- 3.31 | M.S.A. animal lamp, model K 
\Wiolhin Eiivierhalohanla 3 Ss > oe bes cone 2.84 ae coh ects hs, oth Meet eden eee Gyo 
Edison, model J (S.B.).......... 5.1 | M.S.A. floodlight, model E..... 18.53 
Wheat, model G.W. (S.B.)....... 5.2 | Eveready Aucnkonen, ahs: fees 
Signal—Ceag (S.B.)............. 8.06 .| Justrite special cap ining (D. C. . 2.56 
USULILER OD! © E) ines ter rasa cutee cesta thee 11.00 


Norn.—Koehler and Wolf lamps are of flat-wick design. §S.B. = storage-battery type. D.C. = 
dry-cell type. M.S.A. = Mine Safety: Appliances Company. Weights of Koehler and Wolf lamps are 


for empty lamps. 
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CHAPTER X 
SUPPORT OF MINE WORKINGS 


PHYSICAL PROPERTIES OF ROCKS 


Physical Constants.—The physical constants of the strength of rocks 
have not been determined consistently throughout’ the range of rocks 
encountered in mining. In addition the range of variation in any rock 
species is so great that wide generalizations are apt to be unsatisfactory. 
However, more or less information is available and the following table 
gives the average results for a number of common rocks. 


TasBLe 61.—CompreEssivE STRENGTH OF BUILDING STONES OF Goop QUALITY 


Comp. strength, lb.) Shearing strength, | Depth at which comp. 
per sq. in. lb. per sq. in. strength is reached 


Granite sateen 170 15,000 2,000 12,000 ft. 
Sandstone sane 150 8,000 1,500 7,680 ft. 
Limestone......... 170 6,000 1,000 5,082 ft. 
IMarblewar ester 170 10,000 1,400 8,470 ft. 
eee nyse ae ae 176 LO: OOO oh ecient ere 8,196 ft. 
Slate. . Serena 175 15,000 Cin setae eee eke ae 12,340 ft. 
Trap.. y 185 20; 000i for |sonctne eee eee: 15,560 ft. 
Anthracite coal Shafe!s Gall ses Nah eke 1,500 

Bitummonusicoalea.s ten eee 1,100 


The tensile strength of rocks is low as compared with the com- 
pressive strength and is not accurately known except in a few cases.. The 
modulus of rupture has, however, been determined in a number of cases 
and a few results are averaged and presented. 


3L 
Modulus of rupture = R = BD? Ww 
where W = breaking load concentrated at center of test piece, L = 
unsupported length of rock prism, B = width of rock prism, D = 
depth of rock prism. The modulus of rupture is in excess of the 
tensile strength of a rock, while the shearing strength is generally slightly 
in excess of the modulus of rupture. Fine-grained rocks have usually 
a greater modulus of rupture than coarse-grained rocks of the same 
species and laminated rocks greater than holocrystalline, while holocry- 
stalline rocks have moduli of rupture greater than those of sedimentaries. 
The magnitude of the modulus of rupture indicates the self-sustaining 
power of a rock where it spans an opening. 
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Modulus of rupture, 


b. per sq. in. 
Slaten ems weew wen eur, tack coho tf Die So ich Ree er Ta 7,736 
CUA Co aie one eee we ene cw Ne Ne ee ON eee 1,681 
SAD GStOM Capen aed ee ney se eee ems SEM tegen Peet AH hy 806 


Most rocks have variable moduli of elasticity. Granites and ecrystal- 
line rocks approach perfectly elastic substances, while sandstones and 
rocks of a similar nature take a permanent set for slight loads. For 
example, the modulus of elasticity for different granites varied from 
5,128,000 to 8,160,000 lb. per sq. in., while for a single specimen of sand- 
stone it ranged between 1,780,000 and 7,711,700 lb. per sq. in. (Merrill). 

Coefficient of Expansion.—Merrill gives the following coefficients 
of expansion for a unit length of 1 in. and a temperature increment of 
1°F. 


(Grani tesa ee a et iis ened Tat mea LT ad 0.000004825 
Vian ome ee Murer te pens teertn Grad sit Abus SO) eu! cei tg yess) we 0.000005668 
SANGStOME as Se oD arots Rae alte Wrage Oe eed ages oe 0 .000009532 


Porosity of Rocks.—Porosity is of moderate importance in that very 
porous rocks act somewhat differently when saturated and subjected to 
loading as compared with the unsaturated condition. The pore space in 
per cent of volume is given:} 


(EARS TAU Aan a OLENA a cas RUPEE Urals SAU Won ELA gC 0.16— 1.2 

San USCOMe eae ee ear ds Rees ue ae erie heels. 5, Sauer eae 10.22-15.89 
Slaterand tshalewer wet sis yew Nee ane 4 ocak aes 3.95 
TE SLOMCU ee PRREM ce rae i eet 3 Pt eS remains clh soma ai 4.85 
Sanne ate mang tse ean ee Meet ney Se gate Seats 48.00 
Clay ar FON ers on tees he ee 45.00 
SO1Ls er ecm neh tind Ae tet Sete BS PEL SAAT ete td th eh, eS 55.00 


Angle of Repose.—Loose rock when heaped forms an angle with the 
horizontal, termed the angle of repose. Values for different substances 
are given. 


G@loaniecaniciwee eeac cre een pre eh piv cre. ot ata: lense m ic Watch ok 26.5° 
Sheree lesewatys Lael eisieata ai cont ar VO sp nee etad TT 1SR52 
Ol vere heat Seis Meee ates Pes tee crisis tN ede Ge a, ee 16.0° 
@loammorsy.cleewerer te Cea come site eee Me oui oie Ram eye wee 26 .5° 
SOUEMEOULOTIETOCGMORe an eee tee asnein me tee pene nae ery Rr eee ck 45 .0° 
BRO ena ander Ochs atk. ars ae Etna eine ah caiar tn ite n eres 45.0° 


The presence of water influences the angle of repose to a marked 
extent. 


1 Water Supply Paper, Bull. 160, U.S. Geol. Survey, p. 61. 


322 ELEMENTS OF MINING 


CLASSIFICATION OF ROCK MASSES 


Rock masses can be most conveniently divided into five groups. 

Group 1.—The rock mass is composed of coherent particles and shows 
no planes of weakness. It may be crystalline or composed of irregular 
grains cemented together. Most igneous and some metamorphic rocks 
fall into this group. ; 

Group 2.—The rock mass shows a series of parallel planes of weak- 
ness such as the planes of stratification in a sedimentary rock or sheeting 
planes in an igneous rock. Such a rock mass is strongest in a direction 
transverse to the planes of weakness and weakest in a direction parallel 
with such planes. Sandstones, limestones, slate, shales, and sheeted 
igneous rocks are examples. 

Group 3.—The rock mass shows two or more systems of planes of 
weakness. Any rock type may fall into this group, as planes of weak- 
ness are produced by dynamic and structural causes. Jointing, extensive 
fissuring, weathering, sheeting in several different planes, and even 
cleavage (the cleat in coal) will weaken an otherwise solid rock. <A rock 
mass of this nature would be apt to cave. It is evident that the degree 
of weakening plays an important part in determining the strength of 
a rock mass falling within this group. 

Group 4.—The rock mass is noncoherent. A rock mass of this type 
may be composed of coarse and fine fragments or entirely of finely 
divided material. Sand, fault breccias, loose rock, extensively fissured 
and broken rock, soils, etc., fall into this division. 

Group 5.—The rock mass is semiplastic or plastic. Semifluid rocks, 
clay, hydrothermally altered rock in the presence of water, and clay 
shales are typical examples of such rocks. The content of water and the 
proportion of clay determine the degree of plasticity. Such rocks deform 
readily under pressure and tend to relieve the pressure by squeezing into 
openings. 

It should be noted that a given rock mass may embrace one or more 
of the above groups. For example, the portion of an igneous rock mass 
near the surface may be so thoroughly weathered as to be noncoherent 
and properly classed in group 4. Deeper down it may grade into group 
3, and at greater depth it may pass through group 2 and then into 
group 1 without sharp divisions between. In other words, a given rock 
mass may not be consistently within one group, but different portions 
may fall into different groups although the rock species be the same 
throughout. 

The thiner makes use of the terms ‘“‘solid ground,” “heavy ground,” 
“loose ground,” and “swelling ground”’ to indicate the degree of danger 
and the difficulty of support. Solid ground characterizes rock masses of 
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group 1; heavy ground, groups 2 and 3; loose ground, group 4; and swell- 
ing ground, group 5. 

A knowledge of rock types and their physical properties is an aid 
to the miner in determining the necessity for support in mine workings. 
Close observation of the prevalence of planes of weakness, the presence 
of watercourses, fissures, ete., in conjunction with sounding by a hammer 
and testing with a bar and pick, are important supplementary methods 
for determining the stability of a given rock mass. 

Equilibrium of Rock Masses Undisturbed by Mine Workings.— 
Every rock mass is under more or less stress. This stress is due to 
gravity, changes of temperature, chemical changes such as kaolinization 
and hydration, atmospheric pressure, and gas pressures due to the 
liberation of gases within the mass. Static equilibrium is established 
by the balancing of all the external and internal forces acting upon the 
mass. 

Gravitational stress is almost always the important force to be 
considered. Deeply buried rocks are compressed by the weight of 
the superincumbent mass. They are in much the condition of a piece 
of rock in a testing machine. In some mine workings ‘‘explosive rock” 
is encountered at great depth. This is nothing more than rock which has 
been compressed almost to the limit of its strength and is afforded an 
opportunity to expand into the working. ‘The result is the flying of 
fragments accompanied by sharp reports, an action closely paralleled in 
the testing machine. Pillars that have begun to fail frequently show the 
same phenomenon. 

Rock masses that have been exposed from deeply buried positions 
by erosion are often in a compressed state and when removed from 
position expand. This has been observed in some granite quarries. 

The surface debris covering rock masses in positions where the sur- 
face topography is accentuated is in a condition of more or less unstable 
equilibrium. The creep of such material downhill has been observed 
by geologists, and this condition necessitates the careful supporting of 
mine workings where they penetrate formations of such a nature. Almost 
every miner has observed the marked tendency of tunnel entrances to 
cave and the readiness of the support placed in such positions to fail. 

Equilibrium of Rock Masses Disturbed by Mine Workings.— When 
rock masses are penetrated by mine workings, a condition of unstable 
equilibrium is set up. The tendency is for the contiguous rock to fill in 
the working. This it may do by breaking off in small pieces and gradu- 
ally filling in, the filling-in process requiring a long time, or it may close 
in quite rapidly where the rock mass is either plastic or greatly weakened. 
The physical nature of the rock mass, as well as the magnitude of the 
forces tending to restore equilibrium, determines the rapidity of read- 
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justment. The. general relation of the time element to the physical 
nature of the rock is shown in Fig. 140. The rate of readjustment for 
rocks of group 1 is practically zero; for group 2 it is very small; for group 3 
of comparatively small magnitude but greater than 2; group 4 very great, 
and for group 5 it depends on the degree of plasticity, being very rapid for 
the more plastic rock masses. 

Excepting rocks of group 5, all rock masses superimposed upon a mine 
working, whatever its magnitude, tend to fail in a similar manner. If we 
assumé an unsupported working, failure first begins at the center by 
bending. Ina weak rock mass this is quickly followed by caving. Fail- 


Loose Ground 
Semi-Fluid Rock Masses (Group 4) 


Plastic Rock Masses (Group 5) 


( Movement 
Time Units 


Units of Time 


Fia. 140.—Rate of readjustment of rock masses in relation to time. 


ure of a strong rock may be indefinitely postponed; failure of a weak rock 
supported by timbering may be postponed for a considerable time. 
When failure has commenced it proceeds upward, the area of rock affected 
diminishing at successive altitudes until equilibrium is restored either by 
the supporting tendency of the archlike contour of the walls surrounding 
the zone of failure or by the filling of the working and the space immedi- 
ately above by the caved material. 

Where the roof rock breaks in pieces the height of the disturbed mass 
is comparatively limited, since the broken rock will occupy a greater 
volume than when in a solid condition. The increase in volume, about 
50 per cent, tends to fill the space and bring about a condition of equi- 
librium. All rocks do not fail in this manner, and thus the height 
height of the zone of disturbance varies. 

For convenience in the discussion the following terms are defined. 

Zone of disturbance is the entire volume of rock above the working 
that is more or less broken and moved in the restoration of equilibrium. 
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librium is shown in the figure. In b a dome approximating a Gothic 
arch in section represents the zone of disturbance in a hard rock. These 
may be taken as the extreme types where the beds are horizontal. 

Where beds and the working also are inclined, the zone is not sym- 
metrical and its axis is inclined. The axis is more and more inclined, 
until it approaches the horizontal in proportion as the beds and working 
are inclined. The axis is inclined to the vertical and also to the normal to 
the strata. Where the zone of disturbance intersects several groups of 
beds at varying inclinations the axis of the zone is deflected in passing 
from one group to another and approaches the normal of the group in 
which it is. Faults and fissures or other interruptions to the continuity 
of the beds also influence the inclination of the axis. 

Area and Height of Working.—The height of the zone of disturbance 
does not extend after a certain point has been reached, whatever the 
depth of the working. The height of the zone of disturbance will depend 
upon the amount of expansion of the material under movement and the 
volume of the space which it must fill in order to restore equilibrium. 
The following example will illustrate the point. 

Coat Seam 13 Fr. 1n TuickNess—Hercut or WorkKING 13 Fv. 


Maximum Height of 
Zone of Destarbee ces 
t. 


Area of working unlimited, without stowing................... 2,600 
Area of working unlimited with stowing admitting of 40 per cent 
COMPRESSION -siice er pen ree we ee eke cot oot oe Re its tna 1,050 
Area limited to 164 ft. in breadth, without stowing............ 657 
Area limited to 164 ft. in breadth, with stowing............... 327 


In general where the area of the excavation is great the height of the 
zone of disturbance does not exceed 200 times the height of the excava- 
tion, but where the area is limited it is included between 2 to 4 times 
the breadth of the excavation. 

Surface Subsidence.—The depth of the working below the surface 
influences this factor to a considerable extent. For very deep excavations 
equilibrium may be reached before the zone of disturbance reaches the 
surface, while for shallow workings the surface may intersect the zone of 
disturbance and a surface subsidence may result. The surface subsidence 
usually takes the form of a basin. The area of the surface affected may 
be smaller or greater than the area of the working, depending on the 
relation between the surface and the zone of disturbance and the nature 
of the rock mass. The area is less in hard rocks and usually greater in 
material like sand. In soft and compressible rocks the surface area 
coincides with the area of the working chamber for workings of moderate 
depth. The prevention of surface subsidence can be effected by leaving 
pillars, and it can also be materially reduced by stowing or filling. 
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Block Movement.—Underground workings in strong rock masses 
of relatively small extent, as is so often the case in metal mining, are 
bridged across by the rock mass and involve no special problem in sup- 
port; but where the workings are extensive and large areas of the rock 
mass are unsupported, a general failure of the hanging wall may result. 
This is of the nature of faulting; the whole mass moves along a fault 
plane established by the line of failure of the mass. In the gold mines of 
South Africa and the Michigan copper mining district block movement 
has occurred and has brought to the attention of mining engineers the 
importance of studying the problem of mine support in some of its larger 
phases. In hard rocks fracture lines tend to prolong themselves; when 
once started they may extend to great distances. In an inclined working 
of low height and great area, the mass of the hanging wall may be likened 
to a cantilever beam. If the working intersects a plane of weakness, a 
wedge-shaped mass is released and the block becomes active. Almost 
every rock mass contains lines of weakness, and failure (movement) is 
inevitable where excessive stress is thrown upon it. 

The usual method taken to prevent such a contingency is to leave 
pillars, which suffice where they are of sufficient areal extent and the 
rock is of sufficient strength. Where pillars are insufficient, filling is the 
only way to prevent general movement of this nature. Whenever block 
movement begins it is best to stop working until equilibrium has been 
restored by the closure of the openings. 

Plastic Rocks.—Plastic rocks are active to a greater or less extent 
under the influence of the pressure caused either by their own weight 
or by that of the superimposed strata. They deform readily and as a 
consequence squeeze into workings quickly. The zone of disturbance is 
coextensive with the area of the working, and there is little or no tendency 
for them to expand. Top, lateral, and bottom pressures are developed 
in plastic rock masses. The plasticity of the mass determines how closely 
these pressures correspond with that due to the “‘head”’ of rock producing 
the pressure. s 

Sand and Loose Rock.—The action of pulverulent material under 
ground pressures can be deduced from the studies made of the pressure of 
grain in bins. The top pressure coming upon any given working is not 
that due to the weight of a column of the areal dimensions of the working 
and extending to the vertical height of the sand, but is caused by a 
much smaller mass. The mass is dome-shaped and of a height from 214 
to 3 times the diameter irrespective of the height of the sand above the 
working. The ratio given is for material consisting of rounded grains 
that can slip freely over one another. With material of the nature of 
broken or loose rock, which tends to lock or key, particle with particle, or 
the protuberances of which prevent free movement under pressure, the 
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above ratio must’ be materially less. Lateral pressure is met with in 
loose rock, but this, unlike that encountered in the case of plastic rock, is 
relatively small while bottom pressure is absent. 

Miscellaneous Causes of Lack of Stability—The drainage of clays 
by mine workings produces more or less shrinkage and may thus start 
movement in the superincumbent mass. This movement may be 
expected to continue until the clay has been consolidated and equilibrium 
restored. 

The action of air on freshly exposed rock masses produces drying, 
shrinkage or expansion, and general weakening in some cases with the 
resultant movement of the mass contiguous to the working. Water 
sometimes acts in a similar manner. Expansion and contraction due 
to temperature changes produce unstable equilibrium. Rock masses 
contiguous to worked-out portions of a mine are often stressed and some- 
times badly weakened by the slow readjustment which takes place. 
Thus in metal mines where pillars have been left between worked-out 
and filled stopes, the pillars, as soon as they are attacked, often develop 
into ground which begins to move and must be carefully watched and 
handled. 


SUPPORT 


Supporting structures are used in mining operations to keep the 
workings safe and open for operation. In order to do this they must 
overcome the unstable equilibrium of the rock mass enclosing them. At 
most, mine workings have to be kept open for a comparatively limited 
length of time, and thus the function of the supporting structures is to 
delay the readjustment of the rock mass and to prevent it from closing 
in during this period rather than to afford a permanent support. Rock 
masses that adjust themselves rapidly require the prompt placing of 
supporting structures, and these must be either of sufficient strength to 
resist the pressures caused by the crowding in of the walls or of such a 
construction as to yield sufficiently to prevent failure. If they fail before 
the working is ready to be abandoned they must be replaced. 

Rocks of group 1 require no support; rocks of group 2, compara- 
tively light members in the supporting structure; rocks of group 3, 
medium-sized members; rocks of group 4, comparatively heavy members; 
and rocks of group 5, either excessively heavy members or a structure that 
yields as the presure builds up. 

The walls and particularly the roof of a working tend to fail by 
the flaking off of small pieces or by the sudden caving of large masses. 
The supporting structure must prevent small pieces from falling and 
must support any large masses that may become loosened. Lagging 
serves the double purpose of preventing the small pieces from falling 
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and of distributing. over a larger area the resistance of the main members 
of the supporting structure. 

In any given working, the pressure coming upon the supporting 
structure is characterized as top, side, and bottom pressure. The 
intensity of these pressures is a function of time and the nature of the 
rock mass. As has been mentioned previously, all three types of pressure 
characterize rock masses of group 5, top and side pressure groups 3 and 
4, and top pressure alone group 2. 

Mine workings comprise tunnels, drifts, crosscuts, shafts, shaft 
stations, pump chambers, stopes, and rooms. Mining practice has 
evolved a wide variety of more or less conventional structures for the 
support of the different types of workings, which will be discussed in the 
latter part of this chapter. 


STRUCTURAL ELEMENTS 


As might well be inferred from the preceding discussion, the principal 
element made use of in mine support is a compression member. The 
prop or post is the simplest example. Beams are used, but it is seldom 
that they are used alone to support a distributed load. Rather do they 
serve the double purpose of a beam and a strut. Thus a stull serves to 
resist the side pressure of the walls of a stope and also carries the floor 
on which the broken rock falls and is supported. In a shaft the wall 
plates act partly as beams and partly as struts. The dividers act as 
struts. In- bulkheads the members of the structure act as beams. In 
masonry structures the arch is often used. 

In ordinary structures the designer can proportion the members to 
meet definite loads that can in the majority of cases be quite accurately 
determined, but the mining engineer has to deal with uncertain loads that 
rarely admit of even approximate determination. He is thus put to the 
necessity of trial or of following the empirical rules established rather 
vaguely by mining practice. 

Where approximate determination of the ground pressures is possible 
either by observation on structures in place or by a careful study of 
the nature of the rock masses, proportioning of structural members 
can be resorted to. A few examples are given below. 

Computation of Proportions of Pillars.—Douglas Bunting has pro- 
posed a method for the calculation of the proportions of chamber pillars 
in deep anthracite mines where the dip of the seam is at a low angle." 
His method calls for the assumption that the load on a pillar is equal to 
the weight of a prism extending from the top of the coal seam to the 
surface and of a width equal to the distance from center to center of 
the chambers. He first derives the relation between the crushing 

1 Trans. A.I.M.E., vol. 42, p. 236. ° 
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strength of a prism of coal and a cube of coal. It is as follows: 


Strength of cube h 


Strength of prism _ 0.70 + 0.30 b 


h = height of prism. 
b = least lateral dimension of prism. 
He next derives the formula 


yx = 1,000 (0.70 + 0.30 4 b 

y = depth below the surface. 

x = distance center to center of chambers. 

b = width of pillar. 

h = height of seam. 
A crushing strength of 1,000 lb. per sq. in. is used in deriving the above 
formula. From this formula Bunting has calculated a series of tables, a 
portion of one being given in Table 62. 


I 


TaBLE 62.—DeEprTH BELOW SURFACE FOR VARIOUS CHAMBER CENTERS AND THICK- 
NESSES OF SEAMS; WIDTH OF CHAMBER 24 F7. 


one Thickness of seam, ft. 

chambers, Acre Ne 

c. to c., ft. : 4 6 8 10 
40 16 760 600 | 520 472 
45 21 1,062 817 694 621 
50 26 1,378 1,040 871 770 
55 31 1,705 1,268 1,050 919 
60 36 2,040 1,500 1,230 1,068 
65 41 2,381 1,735 1411 1,217 
70 - 46 2,727 1,971 1,596 1,367 
75 Bl 3,077 2,210 1,777 1,516 
80 56 3,430 2,450 1,960 1,666 
85 61 3,786 2,691 2,144 1,816 
90 66 4,143 2,933 2,328 1,965 
95 71 4,503 3,176 2,513 2,115 

100 76 4,864 3,420 2,698 2,265 


In the calculations no allowance for arching action is taken into 
consideration, and it is therefore evident that the proportions given 
have an additional margin of safety over that obtained by taking a 
crushing strength of 1,000 lb. per sq. in. 

Computation of Thickness of Cover.—The same author has computed 
the thickness of rock cover where coal mining is carried out beneath heavy 
wash.! His method is to consider the rock cover asa slab supported by 

1 Trans. “A.I.M.E., vol. 51, p. 177. 
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the pillars of coal. He computes the thickness of the slab required, 
assuming a value of 100 lb. per sq. in. as a safe modulus of rupture for 
sandstone. His base formula is 
2bd? 

= distributed load plus weight of beam, in pounds. 
= breadth of beam 
= depth of beam  } in inches. 

LL = span of beam 
By taking 120 Ib. as the weight per cubic foot he derives the approximate 
formula for a chamber width of 24 ft: 


d = 1.50 Vd! 


d = depth in feet of rock cover. 

d' = depth to top of seam. 
This equation would give the minimum thickness of cover where all 
conditions are absolutely known. Where conditions are not completely 
known, Bunting advocates increasing the result obtained by the above 
formula by quantities ranging from 5 to 50 ft. 


Section area - 64 sq.ft, Section area - 56 sa.ft. Section area - 48 sq.ft. 
Perimeter - 24 ft, Perimeter - 22.2 ft. Perimeter - 20.5 ft. 


Batter1 to4 
8 ft. 


Batter 1 to8 
8 ft. 


Weights are per linear foot 
Weight 15@ibs. per cu.ft, 
(Numbers are cu.ft.per lin.ft. 


Fig. 142.—Forces acting upon drift timbers. Assumed angle of repose, 45 deg. 


Support of Tunnels and Drifts.—Let us assume an angle of repose of 
45 deg. in loose ground. Let it also be assumed that the loose rock above 
a plane of 45 deg. be supported by reaction within itself. The vertical 
and side loads on a timber support can then be calculated. They are 
graphically shown for an 8- by 8-ft. opening in Fig. 142. The effect of 
inclining the side posts is shown also. In calculating side pressure 
a coefficient of friction equal to 0.5 was taken. ‘The loads are given in 
pounds per linear foot of drift. If we assume that the loose rock above a 
plane of 60 deg. to the horizontal is in equilibrium and the angle of repose 
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is 30 deg., then the top and side loads will be as represented in Fig. 143. 
The shaded portions in all the figures represent the rock masses that must 
be kept in equilibrium by the reaction of the timbers or other supporting 
members. The two assumed cases are no doubt extreme, and somewhere 
between them lie the true top and side loads. It may be objected that 
there is not sufficient experimental proof of the above theory. This is 
true as far as any experimental work under mining conditions is con- 
cerned, but we have abundant proof from the study of pressure in grain 
bins that the theory made use of in the above calculations is not greatly 
inerror. For example, various experimenters have noted that the bottom 


1 
4200 Ibs. 


604 lbs. 
8 ft.high 


487 lbs. 


sft, 18 


Weights are per linear foot 
Weight is 150 lbs. per cu, ft. 
(Numbers are cu, ft. per lin. ft. 


Fia. 143.—Forces acting upon drift timbers. Assumed angle of repose, 30 deg. 


pressure in a grain bin remains practically constant when the depth of 
grain reaches a height equal to from 2 to 2144 times the width of the bin. 
Grain consists of more or less rounded particles that are free to move past 
one another and to adjust themselves to pressure. In loose rock we have 
a number of rough particles which key one with the other and which do 
not possess the same mobility that grain does. It is reasonable to sup- 
pose that the equilibrium plane will be flatter than that found experi- 
mentally for grain. The term “loose rock”’ is not a definite one and is 
applied to all degrees of looseness ranging from fractured rock, which is so 
thoroughly keyed as to be almost self-sustaining, to rock masses that 
would move on the least disturbance. ‘ 

If the timber structure is calculated for the extreme condition of 
looseness of the rock mass and a reasonable factor of safety is used, the 
resulting structure should meet the requirements. Experience and 
judgment will indicate how great a departure must be made from the 
dimensions found by calculation. 

For plastic rocks, the degree of plasticity varying between wide limits, 


‘ 
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it is evident that the above method of calculation is inapplicable. With 
the plastic rocks there is a certain approximation to fluid pressure, and as 
a consequence the loads coming upon the support are often greater in 
magnitude than those produced by loose rock masses. There is no 
method, other than the one of trying supports of known strength, for the 
determination of the top, side, and bottom loads produced by plastic 
rocks. For material like sand it is debatable whether the top weight 
would not be greater than that shown in Figs. 142 and 143. Sand would 
act more nearly like grain, and in proportion as it approximated this 
action it would appear reasonable to suppose that a greater height above 
the cap should be taken than that given by the 60-deg. plane. 


Fig. 144.—Forces acting upon shaft timbers. 

If the above theory is applied to a shaft, the conditions for the two 
equilibrium planes, 45 deg. and 30 deg., would be as shown in Fig. 144. 
The tendency of the side pressure would be to force the sets down, and 
this action has been repeatedly observed in shaft-sinking operations in 


TssBLE 63.—SANDSTONE—WEIGHT 150 Lz. per Cu. Fr. 


Span in feet. Weights in pounds 


Spacing of sets c. to c. 
4 | 5 | 6 | 8 10 12 | 14 | 16 


1,350 | 2,400] 3,750] 5,700] 7,350] 9,600 
2,700 | 4,800} 7,500 | 11,400 | 14,700 | 19,200 
4,050 | 7,200 | 11,250 | 17,100 | 22,050 | 28,800 
5,400 | 9,600 | 15,000 | 22,800 | 29,400 | 38,400 
18,750 | 28,500 | 36,750 | 48,000 
34,200 | 44,100 | 57,600 


Ont oN kK 
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loose ground. The pull on hanging bolts becomes sometimes so great as 
+o necessitate supplementing them with wire ropes. 

In Table 63 the weights required to be supported by the cap piece 
have been calculated for different widths of opening and for spacings of 
the sets from 1 to 6 ft. An equilibrium plane of 45 deg. and a weight 
of 150 lb. per cu. ft. have been assumed. The corresponding timber 
dimensions (round yellow-pine timbers) for supporting these loads are 
given in Table 64. 


TaBLEeE 64.—Car DIMENSIONS? 


Span in feet. Numbers are diameters in inches 
Spacing of sets 
c. to c. in feet 


4 5 6 8 10 12 14 16 
1 4 4 6 6 sg | 10 10 12 
2 4 6 6 Se 10 4) eee 14 16 
3 4 6 Se LOg eles 16 16 
4 6 6 g | 10 | 14 | 14 | 12”T (40) ‘| 15”T (42) 
5 6 8 g7} 12 | 14-]- 26 | 1571 G2), 12=12”T B15) 
6 6 8 10 | 12 | 141 16 | 15’T (42) | 2-12”T (40) 


« The last three numbers in the two right-hand columns refer to steel beams. The weight per foot 
is given in the brackets. The factor of safety varies and approaches a minimum of 4. 


MATERIALS USED IN SUPPORTING STRUCTURES 


Timber, steel, brick, stone, concrete, and cast iron are used either 
alone or in combination for the construction of mine supports. Both 
hard and soft woods are used, but preference is given to the long-fiber 
softer woods. Hard woods are used where they alone are available or 
where some special reason indicates their use. The more important 


TABLE 65.—PHySICAL CONSTANTS OF SUPPORTING MATERIALS 


es Compressive Tensile Shearing Gompresion 

b. per cu. ft. strength, strength, strength, Fgeped isthe) 
Ib. per sq. in. | Ib. per sq. in. | lb. per sq. in. | 2°FOSS grain 

Hemlock.......... 29.4 5,300 8,700 2,650 1,100 

Chestiut. <j .20 x: 41.0 5,300 10,500 1,500 1,600 

White pine........ 25.6 5,400 7,500 1,500 1,000 

White oak........ 46.35 7,000 14,800 2,480 1,600 

Shortleaf pine..... 43.6 8,500 15,900 4,425 1,200 

Oregon pine....... 32.14 6,500 12,000 4,700 1,000 

Redwood anit 26.23 3,500 SP 00 le reas. woke 800 

Stom@dages nse a. ee 165.0 ON OOO RNG Mili Snewe ucteen 1,500 

Bick ts eee 125.0 3,000 275 1,000 

Concreten ann oor 150.0 2,400 125 400 

1-2-4 

Castnnontgne. nie 450.0 90,000 25,000 18,000 

Medium steel...... 490.0 60,000 60,000 50,000 


ee ae 8 
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physical properties of the above-mentioned materials are given in Table 
65. 

In addition to the physical properties, the cost and the life of the 
material must be considered. An approximate comparison of these fac- 
tors, as well as of the physical properties, is given in Table 66. 


TABLE 66 
Comp. Comp. Comp. Cost, equal A : 
compressive tensile shearing ei “ae compressive Life oe 
strength strength strength cere resistance year 


$0.36 
0.20 
0.32 


0.30 
9.00 
12.25 


Timber is perhaps the cheapest material that can be used in the 
majority of cases. While it is satisfactory from a structural stand- 
point, its comparatively short life is an objectionable feature. The 
life of mine timbers is variable and depends upon a number of conditions. 
Dry, seasoned timbers last longer than green timber; peeled green timber 
longer than unpeeled; timber kept constantly wet in a good current of air 
will last indefinitely; timber in a hot, moist atmosphere will rot very 
rapidly; timber alternately wet and dry will rapidly deteriorate; timber 
subject to the attack of insects, as in the tropics, has a short life. The 
average life of a prop in Illinois coil mines varies from 1 to 4 years. The 
U.S. Forestry Service estimates the average life of an untreated mine 
prop in Eastern coal mines as 3 years. 

Timber treatment has made marked progress in coal- and metal- 
mining practice. The principal preservatives in use are coal-tar creosote, 
preservatives derived from coal-tar creosote, zinc chloride, and, to some 
extent, sodium fluoride. Arsenic compounds, mercuric chloride, copper 
sulphate, and various commercial preparations have also been tried out. 
Ac-Zol, for example, is a mixture of copper, zinc salts, and phenol held in 
solution by ammonia. Wolman salts consist principally of sodium 
fluoride along with other toxic agents. Preservatives are applied by sub- 
merging the timbers in open tanks containing the solutions, by painting 
or spraying, and by the use of pressure chambers. In the last-named 
method the timber may be subjected to vacuum and then pressure in con- 
tact with the solutions or simply to pressure in contact with the solutions. 
The most effective treatment is by vacuum and pressure. The primary 
objective is to secure a deep penetration of the wood by the preservative. 
Dipping, soaking, and painting or spraying secure only a superficial 
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penetration and are less effective. Metal-mining companies have made 
use of zine chloride solutions and both open-tank and pressure-tank 
impregnation. Sodium fluoride is effective but generally too costly. 
Creosote treatment is also effective but not widely used, although it is 
sometimes cheaper than most other preservatives. For large timbers, 
pressure-tank treatment with coal-tar creosote costs from 24 to 34 cents 
per cu. ft.; pressure-tank treatment with solutions of 1% lb. per cu. ft. of 
zine chloride costs from 15 to 22 cents per cu. ft. and of 1 lb. per cu. ft., 
from 18 to 24 cents per cu. ft.; smaller timbers cost more, as the absorp- ~ 
tion and handling are relatively greater. At the Miami copper mine the 
cost for treating timbers in 1930 was $6.32 per 1,000 bd. ft., the retention 
of zine chloride being 0.7 lb. per cu. ft. Treated timber is used in shafts, 
stations, adits, airways, for track ties, and wherever long service is 
expected. In stoping operations treated timber has no economic 
advantage. 

From a structural standpoint steel is an ideal material. It has the 
additional advantage of reducing the size of the excavation for given 
clearance dimensions. Its cost and the greater amount of difficulty and 
skill required in its use are objections. It is also subject to corrosion, 
and where used in the presence of water, particularly acid water, it must 
be painted with suitable protective paints. 

Where permanency is the most important consideration, masonry of 
brick, concrete, or reinforced concrete is used. On the whole, masonry 
involves a much greater cost than timber, but this is warranted where 
long life is required. Reinforced concrete is used more than other forms 
of masonry for mine support, and particularly where the structural mem- 
bers must meet more or less tensional stress. For arches and circular 
lining, reinforcement is used only where ground pressures are severe. 

Economic Principles.—Selection of materials and proportioning of 
members are predicated on safety, service, and cost. The engineer must 
choose between low initial and high maintenance costs and high initial 
and low maintenance costs. Frequently he is compelled to use what is 
at hand. The important requirement is safety. This involves a time 
element: The supporting structure should be safe until the working has 
been finished and the ore taken out and there is no longer any need of 
maintaining it. For a shaft the time may range from 10 to 30 years, for 
a drift from 2 to 5, and for an entry from 1 to 3 years. 

Knowledge of the size of the ore body, the rate of working, the ne: 
of the mine, and the life of different parts of a mine is essential for the 
proper selection of materials. Too often the practical miner is allowed 
to have his say, and as a consequence unnecessary expense is required for 
maintenance. The practical miner neglects the time element. What 
will answer the purpose for the moment is often the only condition met. 
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The mining engineer should consider each part of the mine as a separate 
problem, and he should determine in each case: The purpose of the open- 
ing, the size and other dimensions, the length of time it is to be kept open, 
the nature of the ground, the materials obtainable, and the comparative 
costs with different materials for the time period involved. 

Comparative Strength of Mine Timbers.—The comparative strength 
of timber beams, struts, I beams, and H beams can readily be determined 
by applying the principles of the strength of materials. For purposes of 
illustration two tables are presented. Table 67 gives the comparative 
safe loads for round yellow-pine beams and steel H sections in units of 
1,000 lb., and Table 68 the safe loads for timber and steel struts. It 
should be noted that the ‘‘safe loads” are those that would be used in 
building construction. Under mining conditions it is an open question 
whether larger loads would not be permissible. 


TABLE 67.—CoMPARATIVE STRENGTH OF RouND YELLOW-PINE AND STEEL H Srruvts, 
1,000-LB. Units 


Height, ft. 
Diameter, in. — 
6 8 10 12 14 

4 8.5 7.14 5.78 
6 DF ALT 20.13 18.1 16.06 14.02 
8 41.2 39.41 36.7 33.98 31.27 
10 64.4 64.4 61.58 58.18 54.79 
Ea ie Gi eI ee an ae i aN 92.74 88.67 84.60 
14 ee = aan Retr ee at Ng DC 125.44 120.69 
16 [ROR A Romar yin NLA: Sola atnOke tT A co HE ACCEL D ete 163.06 

| | 
4H / 44.42 38.96 33.5 | 
5H 65.66 59.68 53.7 refer al 
GH mV alehereerten a. 81.1 74.77 68.44 62.11 
SEL a Fie Wie area 22d ail) aa Settee enn fe eh O) 137, 112.32 105.28 


Norr.—Safe loads are based on N.Y. building law. For yellow-pine compressive unit stress, 
1,000 — 18 4 where I is unsupported length and d is least diameter. 


Carnegie Steel Co. steel mine timbers. 


Preparation of Mine Timbers.—Where timber is used in irregular 
lengths and sizes it is frequently cut to dimensions and framed at the 
face. This is not an economical practice. In well-managed mines tim- 
bermen are required to measure the necessary dimensions and send their 
orders for timbers to the timber-framing department, where the timbers 
can be more economically cut and prepared. Where systematic timber- 
ing is a feature of the mining practice, special timber-cutting tools can be 
designed and installed. Standard machines for framing square-set tim- 


338 ELEMENTS OF MINING 

bers are available. Hand framing is necessitated in many cases, and this 
can be greatly facilitated by cutting a full set of templates and using them 
in laying out the work. The usual equipment of a timber-framing plant 
consists of a power saw of the swing type, a sawing bench equipped with 
rollers for handling long timbers, a small circular saw and bench for 
cutting wedges and miscellaneous use, and a timber-framing machine 
where square sets are used. ‘ 


TaBLe 68.—CoMPARATIVE STRENGTH OF ROUND YELLOW-PINE AND STEEL H BEaAms, 
1,000-Ls. Units 


Span, ft. 
Diameter, in. 
6 8 10 12 14 16 
4 1 i2 0.84 0.67 0.56 
6 Sat 2.83 2.26 1.89 1.62 
Sie pegeileeee heen 6.7 5.36 4.47 3.83 3.35 
DS pea eaten oa [fen ere ea? 10.47 8.73 7.48 6.55 
aca PS ae cere rn eae ten de are eirlied| hd Son mea ye 15.08 12.92 11.31 
TA a ae ie As sar Sl OS Ret a a cee ee aes al epee er ee 20.53 17.95 
UNG) cipal RS hota cae Re Sorc GR ch cee Iota a Tht ye oer eRe mie 26.81 
4H 9.84 7.38 5.9 4.92 4.22 3.69 
5H 17.46 13.09 10.47 8.73 7.48 6.55 
6H 27.59 20.69 16.55 13.8 T1.82 10.35 
STIS ais | et aa cant, 40.5 32.4 27.0 23.15 20.25 
a 


Norr.—Safe loads for yellow pine based on a bending stress of 1,200 lb. per sq. in. and shearing 
stress of 70 lb. per sq. in. Loads are for seasoned timber only. 

Safe loads for steel H sections based on extreme fiber stress of 16,000 lb. per sq. in. 

Carnegie Steel Co. steel mine timbers. 


TUNNELS, DRIFTS, CROSSCUTS, ETC. 


The various conditions in different kinds of mines and mining districts 
have resulted in a great variety of designs for the support of tunnels, 
drift, crosscuts, etc. It is more convenient to classify designs by the 
materials employed, as, for example, timber construction, timber and 
steel, timber and masonry, steel and masonry, and steel, masonry, and 
reinforced concrete. In practically all cases the top pressure coming 
upon the structure is the most important, the side pressure is less and 
often needs no provision, and the bottom pressure the least, usually 
requiring no attention whatever. Support is unnecessary for firm rocks 
that suffer no appreciable disintegration, and very frequently the tunnel 
section is arched in order to make it still stronger. This is important 
where the section is large. 

Timber Construction.—The simplest construction consists of a cap 
supported by vertical posts (Fig. 145a). This is used for top pressure 


SUPPORT OF MINE WORKINGS 339 


alone. Round or board lagging is used. Where there is slight side pres- . 
sure a wooden pin can be used, as shown in the accompanying figure. 
With square timbers and moderate side pressure the structure shown in 
disused. Where top pressure is very great the cap is shortened by giving 
the posts a batter (c,d, f,g). The section of the set is trapezoidal, a type 
common in metal mines. Sills are used where an insecure foundation 
gives trouble. They are placed either across the working or longitudi- 


(b) (¢) (d) (e) (f) 


Pin Wooden 


(a) 


a Tunnel Set 
or Drift Set 


Fig. 145.—Drift sets. 


nally, and often a footboard is used instead of the sill. The distribution 
of the posts, caps, sills, lagging, and braces or sprags is shown in g. Where 
top, side, and bottom pressure must be resisted the structure shown in b 
oreisused. Timber sets are placed at a maximum distance apart of 6 ft., 
center to center. With a given size of timber closer spacing is used for 
greater pressures; if this does not meet the situation, larger timbers are 
required. 

The methods used in coal mines are shown in Fig. 146. The single- 
piece set consisting of a cap supported by hitches cut in the side walls 
is shown in a. In 6b the side walls are weak and posts are used. In 
c one post and cap is used. In d sufficient coal is left in the roof to 
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prevent air from coming into contact with the roof formation. This 
frequently is all that is necessary’ In e the short posts are foundationed 
in niches set on a hard coal layer. In f two lines of posts with wide 
headboards are used and answer the purpose where the roof is weak but 
does not flake off in small pieces. In g a method for supporting wide 
entries where only timber of moderate section can be obtained is illus- 


(ae 


Timbering in Coal 
Mine Entries 


Fia. 146.—Timbering used in coal-mine entries. 


4in. Lagging - 
HINININIINSY 
es NC 


[DS Ls 
Pa 


c—< 
VAAN CACARRRUUEROUVIE 


Fra. 147.—Railroad tunnel timbering. 


trated. Coal-mine entries are from 8 to 12 ft. wide, and very heavy 
timbers would be required if the ordinary three-piece set were used. 
Figure 147 shows a method of supporting a single-track railroad 
tunnel. This involves a segmental timber arch of five pieces and posts. 
This set modified in several ways is used for the support of pump cham- 
bers, stations, or very wide headings. 
Timber and Steel.—One of the simplest methods of reinforcing 
timber caps is shown in Fig. 148a. In this method a piece of used steel 
cable is stapled on the underside of a cap and serves to lend some sup- 
port. In order to be effective such a cable must be securely fastened. 
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In 6 are shown combinations of steel caps and timber posts. Used 
steel rails serve for caps and have the advantage that when they become 


bent they may be removed, straightened, and reused. c¢ shows several 


f° Wire Cable 
Staple 

‘Post 
A 


Wedges 


EK / \, =e ee gy, 
21) ear rapa seme! 
\ GIL Hig — 

12, 


Y-Post 
Ws | 


Fig. 148.—Steel and timber drift supports. 


designs for cast-iron chairs which are placed on top of the post and in 
which the steel cap is held. 

Timber and Masonry.— Dry walling and timber construction are used 
in the Lake Superior mines, and where suitable waste rock for the packs 
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can be readily obtained it is a satisfactory and economical construction. 
Figure 149a shows the type of construction. The short round timbers 
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Kia. 149.—Timber and masonry supports. 


in the side walls are used to bond the wall. In b is shown a type of 
construction used in swelling ground. The space between the timber and 
masonry structure and the walls of the excavation is filled with bundles 
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Fic. 150.—Examples of supporting structures for drifts, crosscuts, and tunnels. 
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of fagots. The condensation of the bundles serves to prolong the life 
of the structure. 
In heavy ground where masonry structures are used, wooden pieces 
are built into the side walls in order to give elasticity to the structure. 
Fig. 149c shows themethod. By using a composite structure of thisnature | 
the life of moderately heavy masonry structures can be greatly prolonged. 
Steel and Masonry.—The simplest structure is a brick wall on either 
side of the drift and steel H beams or I beams across. The lagging rests 
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Fig. 151.—All-steel supports. 


on the steel members. This can be varied by building brick arches 
between the steel I beams. By arching the steel members as shown in 
Fig. 150c a more effective resistance to the top weight is obtained. 
Where more elasticity is desired, wooden members can be built into the 
brick side wall (d); and where still more “‘give’”’ is required the side walls 
can be constructed of solid cribbing, as shown in e. 

Steel.—Steel rails, H beams, I beams, and channels are used. Sets 
constructed entirely of steel are used to support lagging in permanent 
openings. They have the objection of moderate elasticity. Greater 
skill is required for erection, and they are difficult to cut where variable 
length is required for the ‘‘posts.”’ The set can be designed along the 
lines of the timber set or may consist of curved or arched members. 
Figure 151a shows rail sets bolted together by fishplates. B, 1, shows 
a bolted joint used with steel rail cap and posts. B, 2, shows a set with 
{-beam cap and channel posts. A metal footplate is also shown. The 
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I beam is joined to the channel irons by two pins.!_ Inc are shown various 
types of joints. Metal footplates are objectionable in that they are 
placed in a position where they are readily corroded. J. M. Humphrey 
advocates the use of wooden butts on the bottoms of the posts. He 
points out that the wooden butts add to the elasticity of the set, can 
be readily adjusted to length by cutting, and keep the bottoms of the 
posts from the floor of the drift.? 

The structural shape best adapted for underground use is the H beam. 
It is manufactured in the sizes given in Table 69 and is equivalent in 
strength to certain sizes of round pine timbers that are also given in 
the table. 


TaBLe 69.—EoQuIvALENT STRENGTH or H Baams 
4 in., 13.6 lb. per ft. 8-in. round pine timber. 
5 in., 18.7 lb. per ft. = 10-in. round pine timber. 
6 in., 23.8 lb. per ft. = 12-in. round pine timber. 
8 in., 34.6 lb. per ft. = 15-in. round pine timber. 


i Won 


Masonry.—Brick, dry walling, and concrete are the materials most 
used. The section is necessarily one in which there is an absence of 
tensile stress. For this reason semicircular, elliptical, oval, and circular 
sections are used. The inelastic nature of masonry requires that the 
structure be built strong enough to carry the loads, or else compressible 
material such as timber must be interposed between the outer wall of 
the masonry and the inner wall of the excavation. In European mines 
masonry is common in both coal and metal mines, but in America 
only a moderate use is made of these materials. 

Reinforced Masonry.—Steel concrete is coming into considerable 
use and where permanency is desired is one of the most satisfactory 
materials. As with masonry, sections have to be designed that are 
reasonably free from tensile stress; they are of the same general nature 
as those used in masonry construction. Examples are shown in Fig. 
150. 

Wide Headings.—The wide headings required at colliery shaft 
bottoms necessitate either steel I beams and steel props or arching with 
reinforced concrete. An example of a 16-ft. entry is shown in Fig. 152. 
Steel reinforcement used with concrete arching is distributed as. trans- 
verse rings placed within 2 or 3 in. of the inner wall, and longitudinal bars 
tied to the rings and spaced from 8 to 12 in. apart. Examples of the 
design of reinforced-concrete beams for wide headings are given in Fig. 
153. The beams are reinforced with discarded 1.25-in. hoisting cables. 
The distribution of the reinforcement is shown in the figure. The load, 
2,275 lb. per ft., is the maximum for the span and size of beam given. For 


' Carnegie Steel Co. 
2 Min. Press., Mar. 6, 1915, p. 372. 
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smaller loads a given beam could be increased in length and used for 
wider span. 


wie, ol 


SSS 


2A 


AAAS 


aS 


c= 


Fig. 152.—Steel set used for a main entry. 


(Illinois Coal Mining Investigations.) 
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ia. 153.—Reinforced-concrete caps. 


(Lng. Min. Jour.) 
Timbering in Loose Ground.—The method commonly used is known 
as forepoling or spiling. Bridge pieces are placed on both cap and posts, 
and chisel-shaped lagging boards (2 by 6 or 3 by 6 in.) are driven within 
the space. 


The ground is picked away near the top of the section as the 
top boards are driven. 


When they are about half driven a false set is 
placed in position and the overhung ends of the boards are supported. 
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They are then driven to their final position, the face is squared up, and a 
set is placed in position. The false set is then removed and the face is 
ready for a fresh advance. Sideboards are angled upward and outward 
and are driven first at the top of the drift and in sequence to the bottom. 
In very loose ground the face must be supported by boards (face boards). 
Where face boards are required they must be placed twice for each 


Bridge Piece 


a 


\ 


a 
——? 


ay fesse ae 


Clo. 


oe 


ec 


alses 
c==2 


=F 


Regular Set 


ey ee 


aaa 


Ceo ees Goes 


ee ens 
2 


Boom in Place of 
False Set 


Regular Set 


aN 


Fia. 154.—Timbering in loose ground, 


advance of a regular set, once for the false set and once for the regular 
set. The face boards are wedged between the ends of the sideboards. 

In place of the false set a boom is often used. ‘This is a long timber 
supported by a short post, one end of which is blocked up so as to support 
the ends of the top boards, the other being held down by blocks and 
wedges interposed between the end of the boom and the cap of the next 
to the last regular set. By its use the placing of face boards in only one 
position for each fresh advance is required. Figure 154 shows both 
methods. In place of the boom and post, steel hangers and steel rails 
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can be used to support the boards, this method giving more room at the 
face. The arrangement is shown in the sketch, Fig. 154. 

Intersections.—Intersections of crosscuts and drifts and main and 
side entries require a relatively wide opening to be supported. In 
Fig. 155 several different methods are shown. Such places can also be 
advantageously supported by the use of steel I beams. 
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Fre. 155.—Timbering used in Mesabi mines at intersections. (Hng. Min. Jour.) 


Stations.—Shaft stations are from 15 to 20 ft. in width and are 
supported by three-piece sets in firm ground, by three-piece sets and knee 
pieces in less firm ground, and by three- or five-piece wooden arches m 
heavy ground. Opposite the station, the wall plates of two- or three- 
shaft sets are omitted, and heavy vertical timbers used in place of 
the studdles. These timbers are set in hitches at top and bottom, or the 
reaction inward is taken care of by a line of braces extending from the 
front to the back of the station. Station sets are usually placed on 4-ft. 
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centers; in very heavy ground they may be placed on 2-ft. centers or set 
to set. The height of the station is designed to meet the special require- 
ments entailed by the length of timbers and machinery required to be 
unloaded. The height varies from 10 to 16 ft. Figure 156 illustrates 
the method of timbering a station at a vertical shaft. 

Pump Chambers.—Pump chambers are essentially the same as shaft 
stations. Where possible they should be constructed in solid rock requir- 
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Fig. 156.—Station timbering. 


ing no support. In heavy ground the permanent nature of the structure 
warrants the use of steel or steel and concrete, although timber is used in 
many Western metal mines. Three-piece sets and three- or five-piece 
arched sets are used. Jacket sets are often used in very heavy ground. 


SHAFTS 


Shafts are the working openings of many mines, and as a consequence 
must be constructed to last the life of the mine. Where it is possible 
the shaft should be driven in a formation which is least likely to be dis- 
turbed by the mining operations and which is in itself solid and free from 
weakness. Usually the footwall is the best location, although conditions 
often require the shaft to be in the hanging wall or in the vein. In the 
former the intersection of the shaft and the vein is often a troublesome 
point and requires frequent attention and often retimbering, while in the 
latter position the support of the entire length of the shaft requires close 
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watching and frequent repairing. Other things being equal, a shaft in 
the footwall entails the minimum and a shaft in the vein the maximum 
cost of maintenance. In all forms of vertical-shaft timbering there are 
certain common essential elements: The collar, the set, the studdles, the 
bearing timbers, the blocking, the hanging bolts, the lagging, and the 
lagging strips. 

Collar.—The structure placed at and in the near vicinity of the mouth 
of the shaft is termed the collar structure. The simplest structure con- 
sists of a heavy set (the collar set) resting on heavy sills that extend 
across the shaft at the end and at each divider. The sills are extended 
from 4 to 8 ft. outside the timbers. The collar set is bolted to the 
sills and the first round of hanging bolts is attached. In firmer ground 
the sills are short, while in soft ground they are given greater length and 


Oivider. 2 
Studdle: : 


Fra. 157.—Construction of collar sets. (a, A.I.M.E., b, Bull. 1; Minn. S. of M.) 


cross sills used on the extensions in order to get greater bearing area. 
In more permanent construction a concrete wall extending from two 
to 10 sets deep is constructed outside the shaft timbers, and on this wall 
the bearers for the collar set are bolted. In Fig. 157, a shows the con- 
struction of a timber collar set supported by verticals and diagonals 
and intended to be filled in with waste rock; b, the use of end trusses and 
beams, and c, the use Of transverse timbers supported on a concrete 
foundation. 

In most cases the ground at the surface and for some distance below 
is disintegrated and as a consequence loose and heavy. The first 5 or 
10 sets should be designed to meet this condition. This is accomplished 
by using heavier timbers or closer spacing of the sets. 

Shaft Set.—The rectangular shaft set is the commonest structure 
used. It is made up of two wall plates, two end plates, and dividers 
that separate the shaft into two or more compartments. For firm rocks 
the members are 8 by 8 to 10 by 10 in., for less firm rock 12 by 12 in., and 
for heavy ground from 14 to 14 to 20 by 20 in. in cross section. The sets 
are usually placed 5 ft. apart and separated by the studdles or vertical 
posts. The joints between end plates and wall plates are a combination 
of square and bevel. ‘The dividers are held in place by a dovetailed 
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mortised joint. Figure 158 gives the details for a four-compartment shaft 
used in the Butte district. Wall plates are spliced where they are too 
long to be conveniently handled. A short splice is made at a divider. 
Dividers are usually of rectangular section, the longer dimension being 
equal to the dimensions of the wall plate. For example, the divider for 
an 8 by 8 wall plate would be 6 by 8 in., and for a 12 by 12, 10 by 12 in. 
Each wall plate is provided with two ae of holes near the aude These 
are used for the hanging bolts. In addition two shallow saw cuts are 


ae ( b) ELEVATION 


Fie. 159.—Construction of bearing oe (a, Trans. A.I.M.E., b, Bull. Minn. S. of M.) 


placed on the inside of the wall Aine about an inch within the dds of 
the end plate. These are for the purpose of lining in the set. A long- 
fiber strong timber which does not rot readily is used for shaft sets. 
Oregon pine and yellow pine are frequently used. 

Studdles.—The vertical members separating the sets are placed at 
each corner and at each intersection of the dividers and the wall plates. 
In the Butte district they are also placed between the dividers at the 
center of the divider for the purpose of giving additional support to the 
guides. Studdles are mortised into the wall plates from \% to 1 in. 
The ends are square. They serve the function of carrying the weight of 
the sets above the bearers and to stiffen the sets. 

Bearers.—Cross timbers or bearers supported by hitches cut in the 
shaft walls support the weight of the shaft timbers. They are placed 
beneath end plates and dividers at intervals of 50 to 250 ft. or more. <A 
common interval is 100 ft.; heavy ground requires a shorter interval 
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than does firm rock. They are omitted in concrete-lined shafts where the 
bond between the concrete and the rough wall rock is considered suffi- 
cient. However, especially in the upper part of a shaft, enlargements are 
sometimes made in the wall rocks and the concrete is corbeled back into 
the walls so as to give an additional bond. Where wall rocks are weak a 
thickening of the shaft walls by increasing the rock section also serves to 


Block 


: wiehees 


gWedges 


ZS 


Blocks 
given 
Slight 
Upward 
Tilt 


(6) Brakpan Shaft (S,A.) 


(c) Butte, Mont. 
Fig. 160.—Methods of blocking shaft timbers. (c, Trans. A.I.M.E.) 


strengthen the structure. Wall bond is sometimes increased by inserting 
steel rods in inclined holes drilled into the walls. Figure 159 shows the 
construction of a bearer set. A bearer set is also shown in Fig. 166. 
Blocking.—A shaft set is lined vertically with the set above and is 
held in place by wedges and short wooden blocks placed at the corners 
and opposite the dividers, as shown in Fig. 160. Steel sets are preferably 
blocked by concrete enclosed in sacks. These are puddled and jammed 
into place on inwardly sloping rock faces at the corners or are supported 
on projecting pieces of discarded drill steel set into 1- to 2-ft. drilled holes 
(Mather mine). Another method employed at the Mather mine 
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consists of a wooden form hook-bolted to the flange of the set and braced 
from the stage below the set; the form makes an angle of 45 deg. with 
the wall rock, and concrete is puddled into place between the wall rock 
and the steel frame.. In effect, short corbels of right-angled section 
are formed at the corners, or a ring corbel on all sides of the shaft set 
may be constructed. ' 

Hanging Bolts.—Each set is suspended from the next above by four or 
more hanging bolts. Each is made in two parts of 1}¢- or 1)4-in. round 


(a) (d) (c) 


Fic. 161.—Hangers used in suspending shaft sets. 


iron. The two pieces are joined by hooks and the ends threaded. 
Cast-iron washers and nuts are used for the attachment to the wall 
plates. In placing a set the two wall plates are lowered and suspended 
from the hanging bolts. The end plates are then placed in position, 
being supported upon the horns of the wall plates. The set is then ele- 
vated almost into position by screwing up on the nuts of the hanging 
bolts; the dividers and studdles are placed, and then the lower set is 
screwed up. The set is now ready for blocking. The hanging bolts 
serve no further use after the sets are supported on the bearers, so that 
they can then be removed and reused, although they are often left in 
place to contribute to the general strength of the structure. 

In Fig. 161 five types of hanging bolts are shown; a is the ordinary 
type, b is a type used in a German colliery, c is used with channels, d is a 
type proposed for use in the Pioneer shaft, Minnesota, and e is the hanger 
used in sinking a steel-supported shaft at the last-mentioned mine. 
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Lagging and Lagging Strips.—Two- to 3-in. lagging boards are used 
to prevent falls of wall rock. They are held in place by 2 X 2-in. strips 
nailed to the wall plates. Close lagging is usually required, but in firm 
rock spaces may be left between the boards. In other cases the lagging 
may be used only where the wall rock is shattered or weak. At the 
Hollinger mine, V-beam copper-bearing galvanized-iron sheets, 62 X 28 
in., were used in place of lagging boards. The sheets were placed against 
a nailing strip and fixed into position flush with the inside of the shaft 
timbers by small metal clips, which were also nailed into position. At 
the Mather mine, 14-gage galvanized corrugated sheets were clip- 
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Fie. 162.—Steel-blasting bulkhead on right; enlarged detail of corner of platform on left, 
King mine No. 3. (C.I.M. & M.) 


fastened to the inside flanges of the H beams of the steel sets. Between 
the skip and ladder compartments 34 ¢-in. lapped steel sheets, sealed by 
concrete with the rock walls, divided the shaft and provided a two-way 
ventilation system. The use of steel shaft sets, concrete blocking and 
lining at some places, and the corrugated wall sheets resulted in a fire- 
proof shaft. A chrome-nickel-copper steel was used for the steel sets to 
reduce corrosion to a minimum. 

Blasting Boards and Steel Bulkheads.—Blasting in shaft sinking 
may damage the shaft timbers although the shaft sets may be some dis- 
tance above the shaft bottom. Blasting timbers were first used to avoid 
serious damage. These were half-round timbers, attached by chains and 
tightened by wedges, upon the underfaces of the shaft timbers. The 
working platform or staging used for placing the shaft set in position 
finally developed into a suspended bulkhead which served for erection 
and also as a protection from the blasting effects. Such a bulkhead is 
constructed of 6- to 8-in. H beams and is covered with half-inch perforated 
plate through which an opening is left for the operation of the sinking 
bucket. The platform is suspended by four chain blocks for convenience 
in lowering and adjustment; four safety cables are also used. Design 
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varies in detail. As an additional protection the lower faces of the steel 
frame are surfaced by half-round timbers held in place by U bolts. 
Figure 162 depicts a plan and corner detail of a bulkhead for a large shaft. 

Guides.—A strong,: straight-grained wood, usually Douglas fir, is 
selected for guides. Dimensions range from 4 X 4 in. up to 734 X 934 in. 
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Fig. 163.—Construction of guides. 


The use of safety dogs on cages necessitates a guide timber of ample cross 
section and great strength securely fastened to the timbers of the shaft 
set. Steel guides, such as ship channels, rails, and wire rope, are also 
used, but the wooden guide is preferred for cage operation. Steel rails 
are often used for skip operation. Various methods of attaching guide 
timbers to timber and steel members are shown in Fig. 163. In concrete- 
shaft construction cast-iron receptacles are placed at intervals in the 
walls of the shaft lining for the attachment of guide bolts. 
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Staging Used in Blocking and Lagging.—Shaft timbering follows 
excavation at a distance of 20 to 50 ft., 
and it is therefore necessary to construct 
a staging from which to block, line, and 
lag the set. The simplest method is to 
hang two additional wall plates below the 
set to be finished. Crosspieces (Fig. 164) 
are placed on the wall plate and on these 
two or three long planks. A tight floor 
of short planks placed across the width 
of the shaft is then constructed and the 
staging is ready for use. Still another 
method is to attach four chains to the 
hanging bolts above the last set. 
Through stirrups on the ends of the 
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Fig. 165.—Steel-shaft set used in the Woodbury shaft. (Trans. L.S.M.I.) 
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chains, 4- by 4-in. timbers are inserted, and on these are placed the long 
planks. Then the floor is laid on the planks. Where shaft timbers are 
kept close to the bottom the timbermen work on top of the muck pile. 
Steel Shaft Sets.— Where permanency is desired, where only unsatis- 
factory timber is available, or where timber decays very rapidly as in 
tropical countries, structural-steel shapes can be used in place of timber. 
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Fig. 166.—Steel-shaft construction, King mine No. 3. (C.I.M. & M.) 
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The design closely follows that used for timbers. Bolts are used to 
fasten the members together. Fastening angles should be riveted to the 
members. A design for a steel shaft set is shown in Fig. 165. Steel shaft 
sets are constructed of H beams, I beams, angles, or rails. 

A later type of steel shaft construction than the foregoing is shown in 
Fig. 166. Figure 167 shows the concrete collar construction used in the 
upper part of the shaft. ; a 

Reinforced-concrete Sets.—The substitution of reinforced-concrete 
members in place of timber in shafts of rectangular section involves no 
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structural difficulties, and while the weight of the members 1s an objection, 
their handling involves no great difficulty. Where concrete is used, 
thin reinforced slabs can be used for lagging. The concrete structure, 
like the steel, has the obvious advantage of being fireproof. 

Masonry Support.—Concrete and brick are used in shafts of circular 
or elliptical section for obvious structural reasons. In putting in this 
form of support a temporary support of steel or timber is put in fora 
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distance ranging from 50 to several hundred feet, and then the concrete 
or brick is started from a bearing ring. ‘The masonry is put in sections 
from the top downward, each section being constructed from the lower 
bearing ring upward to the next above. Bearing rings are of two general 
types: One consists of a number of steel rods (2 in. in diameter) set in 
holes drilled in the rock and supporting a mantel plate on which the 
masonry is started; and the other is of the nature of a ring corbel started 
outside the shaft section. The use of steel rods is possible only in firm 
rocks. A comparatively shallow shaft can be completely excavated and 
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temporarily supported by timber or light structural steel; the masonry 
lining can then be started at the bottom and continued to the top. 

Details of Concreting.—The mixtures used in shaft concreting 
are 1.5-2-5, 1-2-5, 1-3-5, and 1-3-6, the mixture in the proportions of 
1 of cement, 2 of sharp, clean sand, and 5 of broken rock being probably 
used more than the others. A compact rock is chosen and the size limited 
to 1.5 or 2 in., the former dimension being preferable. Mixtures are 
made on the surface with some form of concrete mixer. A half-yard 
mixer is best where the concrete is lowered in buckets; where pipes 
are used a larger mixer is more economical. The concrete is mixed wet, 
lowered in a bucket, skip, or bottom-discharge hopper, and discharged 
into a wide chute that delivers it to the forms. With the bottom-dis- 
charge hopper the concrete is discharged through a flexible spout attached 
to the hopper. The best method is a pipe which extends from a hopper 
at the mixer to the forms. The end of the pipe is attached to a flexible 
spout, by means of which the stream of concrete can be directed into any 
part of the form. A 4-in. pipe and a 6-in. flexible spout are adequate for 
shaft work. Tamping is not often resorted to, but in its place the con- 
crete is worked down against the forms and the walls by long-bladed 
shovels. 

The forms used are of the collapsible-steel type. The form for a 
circular shaft is in four sections and is constructed of steel plate, 10-gage 
plate or plate 1¢ in. thick, angles, and channels. It is thoroughly braced. 
On each side of one diameter a wedge-shaped piece of timber 5 in. thick 
divides the two halves and is held in place by angles and bolts. By 
knocking out the two wedges the steel forms can be readily removed. 
The form is 5 ft. high and ordinarily 10 forms are used. The lowest form 
is supported on timbers placed: in hitches in the walls and lined. into 
position. A flooring is constructed on the timbers beneath the forms and 
is given a 45-deg. pitch toward the wall of the excavation.. The pur- 
pose is to bevel the lower part of the first concrete ring so that the joint 
between it and the next section below can be readily made. In some 
cases the first form is constructed with an inner metal apron that forms 
the bevel. Forms are left in place at least 72 hr. Where concrete is 
placed in cold weather the aggregates are heated with steam jets and 
warm water is used in mixing. The mixed concrete should approximate 
140°F. 

In the concreting of the Campbell shaft, Warren, Ariz., steel forms 
were used, !4-in. plate stiffened by angles and hinged at the corners to 
facilitate handling; the height of each section was 6 ft. 8 in., so that three 
sets of forms take the height of a 514- by 744-in. by 20-ft. guide timber. 
Concreting started from the bottom of the shaft, the timbers being 
stripped from a section as soon as a set of forms became available. The 
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section of the shaft is shown in Fig. 168, which also shows the layout of 
the concreting arrangements. The forms and receptacles for the securing 
of the guide timber bolts are shown in Fig. 169. A 4-cu. yd. mixer was 
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Fia. 169.—Arrangement of steel forms used in concreting the Campbell shaft; receptacles 
used for guide bolts. 


used, and material bins were so placed as to enable the sand, crushed rock, 
and cement to be handled by a transfer car above the mixer, which dis- 
charged into a hopper connected with a 4-in. pipe leading down the shaft. 
The lower edge of a form is placed 18 in. above the junction of a guide 
timber, and the upper edge of three forms in position projects 18 in. 
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above a junction. Guide timbers are lined in place and, since the edges 
of the forms abut against the sides of the guides, the closure of the 
space to be filled with concrete is accomplished. In the skip compart- 
ments, the forms on each side of a corner are braced by bars, the bent 
ends of which are placed in holes in the top of the angle reinforcement. 
The bars, being of fixed length, place the contiguous parts of the form in 
exact position and also act as braces. A similar arrangement is used in 
the cage compartment, the two forms at the curved ends being supported 
by a special jack. ‘ 

Openings or “windows,” 20 ft. apart and on alternate sides of the ° 
guide of the cage compartment, are left in the dividing wall separating 
the cage and skip compartments. In addition, windows are left in the 
partition between the skip compartments on each alternate form. The 
windows are 30 in. wide. by 42 in. high. Sockets (scaffold boxes) are 
left in end walls and partition walls of the skip compartments, on a line 
6 in. above the lower edge of each form. These sockets are 26 in. high, 
7 in. wide, and 6 in. deep. Sockets are also placed in the walls for the 
10- by 12-in. divider in the cage compartment and are on a line with the 
sockets in the skip compartments. They are 48 in. high, 10 in. wide, and 
6 in. deep. A horizontal groove, 3 in. wide at the bottom, 4 in. deep, 
and 6 in: wide at the inside edge, is placed in the curved section of the 
cage compartment at a point corresponding to the top of the divider, 
the groove being formed by a wooden piece bolted to the steel form. The 
sockets are used in connection with the concreting operations in the cage 
compartment as receptacles for supporting timbers, upon which a plat- 
form is carried beneath the three sets of steel forms. After atop form is in 
place, a platform is constructed and supported upon the reinforcing angles 
of the forms; the forms are filled and tamped; and then the shaft is 
stripped for the next form above. Sockets are placed in the skip com- 
partment for emergency use after the shaft is in operation. The cross- 
heads used in the skip compartments are so constructed as to clear the 
forms in place. Forms to be moved are taken off, set on the crosshead 
platform, hoisted to the proper elevation, and placed in position. 

Two 8-hr. shifts separated by 4-hr. intervals were used in concreting, 
a six- to eight-man crew being required and two men during the 4-hr. 
interval for placing braces and making ready. The equivalent of two 
rings, or 13 ft. 4 in., was placed in 24 hr. A 1-3-5 mix was used; mini- 
mum wall thickness 6 in., maximum 3 ft., and average 18 in., depending 
upon the amount of overbreak in the shaft section. 

Concrete blocks have been used for circular shafts and precast con- 
crete slabs in rectangular shafts. W. V. DeCamp made use of concrete 
rings for the United Verde shafts. The idea of the arrangement is 
shown in Fig. 170. DeCamp estimated comparative costs of $127 for 
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the ring method as against $215 per foot for a continuous concrete lining. 
E. H. Clifford described a similar arrangement employed at the City 
Deep mine, South Africa; the shaft in question is 20 ft. in diameter and is 
provided with concrete rings at intervals of 10-ft. centers for the support 
of shaft guides, pipes, and power cables. Each ring is 18 in. deep and 15 
in. wide and is cast about 20 steel pegs, 24 in. in length, driven.into drill 
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Fia. 170.—Ring method of shaft support. (Eng. Min. Jour.) 


holes in the walls at each ring. Clifford credits the arrangement to 
BE. C. J. Meyer. 

Shafts in Loose Ground.—Where loose ground is encountered fore- 
poling is resorted to and timbering follows the excavation without an 
interval. The poling boards are chisel-shaped and driven at an angle 
outward. The close timbering required often necessitates the dividing 
of long wall plates so that they can be handled in the restricted space. 

Shafts of small cross section are also supported by cribbing. The 
cribbing boards are cut as shown in Fig. 171. Boards 2 by 6 in. or 3 by 
6 in. are commonly used. The advance is made by cutting a trench on 


1See Eng. Min. Jour., vol. 121, p. 329; Trans. I.M. & M , vol. 30, p. 247. 
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the side and forcing the board down into position. After placing four 
boards the material in the center is removed. 

Shafts in Extremely Soft and Loose Ground Containing Water.— 
Wooden or masonry caissons are used, and in some cases the pneumatic 
caisson is resorted to. The caisson is a cylindrical structure provided 
with a cutting shoe on its lower edge. It is forced down by its own 
weight, by loading with weights, or by jackscrews as the excavation 
proceeds, the shoe being at or in advance of the bottom of the pit. 
The resistance to the sinking of a caisson is approximately proportional 


Fre@. 171.—Shaft cribbing. 


to the area in contact with the walls. The caisson may be likened to 
an enormous well casing amply strong enough to support the walls of the 
excavation and carried along with the excavation. The pneumatic 
caisson is used in very soft material saturated with water. It differs 
from the open caisson in that an airtight working chamber is constructed 
in the lower part of the caisson. Compressed air is used in this chamber 
under sufficient pressure to exclude the water. An air lock enables 
access to the working chamber to be obtained without interfering with 
the air pressure. 

Both the open and compressed-air caissons are available for com- 
paratively shallow shaft sinking from the surface. About 125 ft. may 
be considered the depth limit practicable for both systems. An alternate 
method consists of the driving of steel sheet piles and the removal of 
the inclosed material by dredge-bucket excavation. 

Shaft Support Where Water Must Be Sealed Off.—The most effective 
method of supporting a shaft and sealing off water at the same time is by 
the use of cast-iron tubbing. The shaft, where excessive water is present, 
must be sunk by special methods such as the Kind-Chaudron or freezing 
methods. The excavation is sunk to an impervious formation and the 
lining of cast-iron tubbing rings is inserted. Tubbing may be likened to 
sectionalized cast-iron*pipe of large diameter (up to 18 ft.). Where the 
shaft cannot be drained a ‘‘moss box’”’ is used on the lower end of the tub- 
bing and the tubbing is lowered, the sections being placed on the top of the 
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‘“nipe,” which is suspended by heavy cables. In order to reduce the 
weight a diaphragm is placed just above the moss box, and connecting 
with this at the center is a pipe in which the water displaced is free to 
rise. The tubbing can be considered as a hollow air-filled vessel lowered 
into the excavation. The buoyancy of the tubbing reduces the weight 
that must be suspended. By running water into the tubbing above 
the diaphragm an excess of buoyancy can be overcome. The tubbing 
is lowered into place; the moss box in closing forces the mat of moss 
against the sides of the excavation and makes the water seal. The 
space between the tubbing and the sides of the excavation is filled with 
concrete lowered in special buckets from the surface, and the shaft is then 
ready to be pumped dry. 

Where the shaft can be kept drained, the tubbing is started from 
the bottom. First a wedging curb or ring of cast iron is placed and 
a watertight joint is formed by driving wooden wedges in the space 
between the wall of the excavation and the outer surface of the curb. 
The successive rings of tubbing are bolted in place. Tubbing rings are 
made either corrugated or with smooth exteriors and ribbed interiors. 


CHAPTER XI 
SUPPORT OF MINE WORKINGS— (Continued) 


PILLARS ! 


One of the most important vertical elements of support is the pillar 
of ore, mineral, or coal left in place. It is used particularly in coal mining. 
Shaft bottoms are protected by leaving a relatively large area of unex- 
cavated coal about them. Entries and haulageways are also protected 
by pillars usually 40 to 50 ft. in width and paralleling the length. Side 
entries are separated by chain-pillars, 12 to 20 ft. in width. In mining 
the coal, rooms separated by pillars are driven and the pillars mined out 
after completing the rooms. In metal mines where shafts are driven in 
the ore body a portion is left on either side of the shaft for its protec- 
tion. The shaft pillar is from 25 to 50 ft. in width. In mining wide ore 
bodies the ore body is divided into blocks, and alternate blocks are left 
as pillars until the intervening blocks are mined out. 

Vertical ribs separating stopes along the length of the strike of the 
ore body are frequently left for the purpose of preventing any general 
movement of the walls until the stopes are mined out and filled. Arches 
are left in wide ore bodies between the top of the stope and the level 
immediately above for the same purpose. 

Mining practice has no widely accepted rules as to the proportions of 
pillars. In coal mining, shaft pillars are frequently left of a diameter 
equal to the depth of the shaft. In a very deep seam this is undoubtedly 
excessive, while in a shallow seam insufficient protection of the surface 
would result from such a practice. In mining the coal, the proportion of 
coal left, in pillars ranges from 30 up to 85 per cent. The tendency of 
modern practice ig to win the greatest amount of coal on the second 
working, and as a consequence a large proportion of coal is left in pillars. 
Theoretically, the area of the pillars should be such that with a moderate 
factor of safety, say 2 or 2.5, the entire weight of the superimposed strata 
would be supported. The superimposed stratum is cantilevered over the 
mined area and also acts partly as an arch. Thus only a part of the 
weight of the superimposed stratum need be carried. Just how much is 
problematical, and as a consequence the above rule would leave too large 
an area in pillars. Other considerations, particularly that of safe mining, 
lead to the use of a relatively large pillar area instead of reducing it to the 
limit demanded by the strength of the materials involved. Douglas 
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Bunting has discussed the proportioning of pillars from theoretical 
considerations and his equation has been given in another part of this 
chapter. 

In metal mining still fewer theoretical specifications are to be found. 
The pillar proportions can be roughly calculated from theoretical con- 
siderations, but this is by no means always done. In general, pillars in 
narrow veins should have a width equal to the thickness of the vein, while 
in wide veins a width ranging from one-half to one-fourth the width of 
the vein can be taken. 

Rock packs are substituted for pillars where the waste material is 
suitable and where the value of the ore won by their use is more than 
sufficient to pay for their construction. They are constructed of dry 
walls 2 to 4 ft. thick enclosing an area and filled with waste rock. For 
stability they are constructed of a minimum horizontal dimension equal 
to the height. Unlike a pillar they yield to a moderate extent as they 
take weight and shrink in a direction parallel with the load in approxi- 
mate proportion to the load. Tests made upon rectangular and circu- 
lar piers of mine rock gave the following results: 
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It is obvious that the care taken in the construction of ‘‘packs”’ or rock 
piers would determine the relation between compression and loading. 
The experimental test serves to give a general understanding of the 
action of such structures. Hepplewhite advocates the construction of 
packs in long-wall coal mining upon soft foundations, as it gives oppor- 
tunity for consolidation without buckling the walls. 

Timber Cribs.—Timber cribs are constructed by laying two square 
or round timbers on the ground at a convenient distance apart and placing 
two other timbers across the ends of the first two. The timbers are of 
the same dimensions. The operation is repeated until the desired height 
isreached. Cribs may be constructed square, rectangular, or triangular in 
section. ‘The minimum dimension as compared with the height varies 
but may be taken as ranging from one-quarter to one. Cribs may be 
left hollow or filled with waste or may be constructed solidly of timber. 
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The solid timber crib as compared with the hollow timber crib develops a 
much greater resistance for a given percentage of compression. In Fig. 
172 a timber crib constructed of 12- by 12-in. Oregon pine timbers 4 ft. 
square and 10 ft. high has been figured for different loads and correspond- 
ing compressions. In a structure of this type the wood is subjected to 
compression across the grain and as a consequence yields to a much 
greater extent than would be the case in end compression. In the 
example figured, a solid-timber crib would show 4 times the load for 
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Fie. 172.—Timber crib showing compression under various loads. 


corresponding compressions. With the timbers notched so that the 
timbers form a solid outer wall, in the example given, the resistance is 
3 times that afforded by the open structure for a corresponding amount 
of compression. 

The construction of a waste-filled timber crib requires that flat stones 
be wedged between the open spaces between the timbers forming the 
wall of the crib. The stones cause the compression of the whole area of 
the timber instead of merely the areas where the timbers intersect. 
Close-walled, waste-filled timbér cribs are constructed by notching the 
timbers where they intersect sufficiently to cause the timbers to touch 
along their whole length. This results in a structure resembling a 
log cabin. The results of an experiment upon a timber crib filled with 
mine rock give the relation between amount of compression and loading. 
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In coal mining timber cribs are used at the intersection of main 
entries and cross entries, at the intersection of gates with long-wall face, 
at room openings, and at long-wall faces. In metal mining they are used 
in stopes and at shaft bottoms where-excessive ground pressures must be 
met, and in square-set stopes where sets begin to “jackknife” or get out 
of alignment. In all cases their elasticity renders them most advanta- 
geous as compared with masonry structures. The time element is greatly 
increased as compared with the use of rigid structures. Equivalent 
names for timber cribs are cogs, chocks, pigsties, and cording. 

Props.—The prop is one of the most frequently used elements in 
support. It is subjected to compressive stresses. Structurally, it may 
be considered as a column fastened at one or both ends. The ratio of 
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Fig. 173.—Loads and compressions, mine props. 


unsupported length to least diameter of side dimension ranges from 10 to -~ 
16. The practice in proportioning struts may well be studied, as it gives 
the engineer a quantitative idea of the loads that can be safely carried. 
It should be remarked that mine props are used up to the limit of their 
compressive strength and when they fail they are replaced. It is expected 
that they will last only a relatively short time. Various expedients are 
resorted to to prolong the period during ‘which the load develops to the 
full supporting power of the prop. Headboards where a thick piece of 
timber is compressed across the grain are used more frequently than any 
other means. The prop most used is of round timber varying from 3 in. 
to 12 in. in diameter and from 8 ft. to 12 ft. in length. Various substi- 
tutes have been invented and used. Cast iron, cast steel, structural 
steel, wood and steel, and reinforced concrete are the materials which have 
been tried out, but practice has not definitely shown that any one of these 
types meets requirements sufficiently to be generally adopted or to dis- 
place the wooden prop. 

The action of the wooden prop is illustrated in Fig. 173. The straight 
wooden prop without headboard admits of but very slight compression 
before failure. By the use of headboards 4 in. thick a much greater 
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range of compression is available and in conjunction with a footblock of 
equal thickness a still greater compression is possible without failure. By 
tapering the foot of the prop and the use of a headboard greater compres- 
sion is obtained. The tapered or Hepplewhite prop gives the maximum 
compression. Hepplewhite states that a 6-in. prop, 6 ft. long with a 
tapered portion 15 in. in length, will begin to burr at 15 tons weight and 
at 34 tons weight will buckle. It allows a roof depression of 15in. The 
tapered portion of a prop is made equal in length to 2 to 214 times the 
diameter; the end is made blunt, of a diameter approximately equal to 
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Fia. 174.—Steel-wood and metal props. 


one-half the diameter of the prop. Tapered props are used in supporting 
rooms in coal mining and to some extent for the posts on three-piece 
entry sets. Their main purpose is to prolong the life of the timber and 
reduce the maintenance. 

Probably one of the best steel-wood props is the Kirkby prop, shown 
in Fig. 174a. This consists of a light steel tube reinforced at the ends 
by bands. Various combinations of wooden plugs are inserted in the 
tube and held in place by pins. The projecting foot plug is tapered. 
Both foot- and headboards can be used. The range of compression equals 
that of the wooden prop. The main advantage of this prop is that pieces 
of timber too short to be used as props can be utilized with the steel tube. 
The prop is readily adjustable to length. It indicates the intensity of 
the pressure by the burring of the end. It can be reset a number of 
times and is almost as light as a wooden prop. Its principal disadvantage 
is the preparation of the timber pieces where the prop timber is irregular. 

Steel tubular props made of old boiler tubes, the top filled with saw- 
dust, disks of wood, or slack coal and the leg portion of solid iron or steel 
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(acting like a plunger) have been tried and found satisfactory in some 
mines. Tubular props filled with concrete and closed by a tapered 
wooden plug have also been found satisfactory.? 

Hollow cast-steel tapered props of the Spencer type can be used where 
the floor for a depth of a foot is moderately hard. This allows the prop 
to penetrate and thus serves the same purpose as compression in a wooden 
strut. If the bottom is too soft or too hard the prop is not satisfactory. 

Spencer discusses the use of cast-iroy props (see Fig. 174b) and states 
that they can be satisfactorily used where head- and footboards are used 


with them. He states that the bottoms of the props were easily broken - 


by hammering. The greater weight and cost of both steel and cast-iron 
props preclude their use except where they can be readily retrieved and 
used over again. Their lack of convenient adjustability as to length is a 
serious objection. Hepplewhite states that it is very rare that cast-iron 
props break from vertical pressure. 

There are also adjustable props consisting of two steel tubes, one 
telescoping within the other, and held by a clamp that admits of 
yielding when a load of 15 tons or more is reached. Hepplewhite states 
that some difficulty is experienced in setting the clamps tight. By the 
use of a long-handled wrench the clamp can be loosened and the prop 
recovered without danger to the worker. He states that good results 
have attended their use at gate ends and in conjunction with tapered 
props. 

Figure 174c shows another English prop of the adjustable type. 
Many adjustable ‘pit props”? have been devised by the Germans; the 
reader is referred to Heise and Herbst, ‘‘ Bergbaukunde,”’ for examples. 

Hepplewhite describes the construction of reinforced-concrete props.! 
The mixture used was 1 cu. ft. ashes, 2 cu. ft. breeze dust (14-in. mesh), 
and 1 cu. ft. cement. The reinforcement consisted of nine unwound 
strands from a 34-in. steel-wire rope. Both pouring and tamping were 
used. The crushing strength of such a prop was 2,400 lb. per sq. in. 
The concrete prop offers possibilities of development. It is true that it 
chips and is not so convenient to handle as the wooden prop. It is 
also inelastic and must be used with head- and footboards. Hepple- 
white states that concrete props are best alternated with wooden props. 

Structural-steel props of H-beam section are used to some extent, 
although they are more suitable for permanent haulageways and shaft 
bottoms than for working faces. Figure 174d shows an English steel 
prop made from an H section. 

In South African stopes of low inclination, concrete ‘‘pancakes”’ or 
disks of concrete 30 in. in diameter by 4 in. thick, with a 4-in. hole in 


1See Hepplewhite, Substitutes for Wooden Supports. Iron and Coal Trade Rev., 
Dec. 18, 1914, p. 768. 
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the center to facilitate handling, are used to form a built-up column for 
supporting low stopes. The concrete is 1:3:7 of washed sand and 114-in. 
quartzite rock, reinforced with strands of wire rope and cast in molds. 
The pancakes weigh about 250 lb. each. After seasoning they are placed 
in position upon a concrete foundation and stacked up to within 1 or 2 ft. 
of the hanging wall. The intervening space is filled with short lagging 
wedged tightly against the hanging. When they are placed upon a slop- 
ing footwall a thin layer of cement or sand is interposed between the 
separate layers to hold them in position until the top can be wedged in 
place. They have been widely used upon the Far East Rand. 
Stulls.—The stull involves essentially the same structural principle as 
the prop. It is, however, used as a horizontal or inclined member and 
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as such frequently also has to serve the function of a beam in supporting 
working floors. The same proportions that were described for props 
hold good. For a very wide span an unbraced stull would of necessity 
have to be of large diameter, and a limit width of span is speedily reached 
by the size of the available timber. With bracing (vertical or inclined 
members), stulls of considerable length and relatively small diameter 
can be used; but it is obvious that we have in this case a near approach 
to the square-set system, which is preferable for wide ore bodies. Stulls 
where braced can be used with headboards in a manner described in a 
succeeding section. Where unbraced they are socketed in hitches 
cut in the walls. Where inclined, the foot of the stull is placed in a hitch 
and the head is headboarded and wedged. Headboards are essential 
where the loads are excessive for the size of stull. Where the stull is 
sufficiently strong to meet the side pressure, head- and footboards are 
unnecessary. 

Where side pressure is very moderate, the chief function of the stull is 
to support the working floors. So far as my observation goes, tapered 
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end stulls are not used, but this principle is worthy of trial and their use 
would obviate the headboards. Three different methods of stull timber- 
ing of stopes are shown in Fig. 175. 

Square Sets.—The square set is composed of a cap, a girt, and a post. 
These members meet so as to form a solid 90-deg. angle. They are so 
framed at the intersection as to form a compression joint and join with 
three similar members. Thus the system is formed by the intersection 
of pairs of sets. An open framework composed of vertical and horizontal 
members at right angles is the result. This framework is built up and 
extended as the excavation of the ore proceeds. Each block of ore of 
the approximate dimension of a set is replaced by a set, which is tem- 
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Fig. 176.—Square-set joints. (Trans. A.I.M.E.) 


porarily blocked and wedged fast. The first tier of sets is termed the 
‘‘sill floor,” and these are usually started on a foundation of long timbers 
called “‘sills.”’ The succeeding: tiers are numbered consecutively, first 
floor, second floor, etc. The square set is usually 5 to 6 ft. square and 
7to8 ft. high. The sill floor set is usually 9 ft. high. Round and squared 
timbers are used, although preference is given to the round timbers. 
Probably the least dimension is 10 in. round, although I recall one 
instance of 6-in. square timber having been used. The maximum-sized 
timber ranges from 12 to 16in. The present tendency of mining practice 
is to use a 10-in. round timber and fill the sets with waste, keeping at most 
only two floors open near the face. ; 

The type of joint used is one of two general types: The cap-to-cap 
set or the post-to-post set. These are shown in Fig. 176, 2 and1. In 
the cap-to-cap set the maximum compressibility of the composite struc- 
ture is in a vertical direction while in the post-to-post set the maximum 
compressibility is parallel with the caps. If we follow the principle of 
having a structure possess the maximum compressibility in the line of the 
greatest. pressure, then where the side pressure is greatest the post-to- 
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post joint should be used and the cap-to-cap joint reserved for maximum 
top pressure. If the maximum resistance with minimum compression is 
to be used against the direction of greatest pressure, then the eap-to-cap 
joint would be used where side pressure is greatest and the post-to-post 
where top pressure is greatest. Opinion is divided on this question. A 
wide variety of square-set joints has been described in mining literature. 
The step joint (Fig. 176) used by the Anaconda Copper Mining Co. has 
been found to be advantageous where round timbers are used. The 
joints shown are considered sufficient to represent prevailing practice. 

The integrity of the square-set system of timbering depends upon 
the approximate alignment of the members of the system in the three 
planes. It is evident that the system admits a considerable degree 
of compressibility, and if top and side pressures were uniform over the 
area of a stope but little trouble would be experienced with the system. 
As this is seldom the case in practice, reinforcement is necessary where the 
members of the frame begin to get out of alignment. Diagonal braces, 
reinforcing sets, open cribs, and solid cribs are used and must be promptly 
applied where timbers begin to lose their alignment. Waste-filled stopes 
where the filling is conscientiously kept up close to the faces are more 
easily controlled in heavy ground, and it is seldom that a stope is lost 
even though timbers through irregular settlement may be 1 or 2 ft. out of 
line. Various methods of square-set stoping are given in the chapter on 
Underground Methods. 

Lagging.—In order to prevent small pieces of rock from falling 
between the timber sets or main supporting members and also to concen- 
trate the load upon these members, lagging boards are used. These 
boards may be 2-, 3-, or 4-in. planks of sufficient length to bridge the space 
between the sets. Usually planks a foot in width are used. Round poles, 
either whole or split, light steel rails, ribbed sheet metal, and reinforced- 
concrete slabs are used in place of planks. Top lagging, side lagging, close 
lagging, and spaced lagging are descriptive terms used; their meaning 
is apparent. ‘‘Lacing”’ is a miner’s term used to describe spaced lagging 
used to confine filling in square sets or other similar situations. ‘‘Spil- 
ing” and ‘“‘forepoles” are synonymous terms indicating lagging which is 
pointed or chisel-ended and is intended to be driven into position. In 
coal mines considerable use is made of flat stones in conjunction with pole 
lagging. The stones bridge the space between the lagging and are held in 
place by filling which is placed back of them. An economy of material 
results. 

The first indication of pressure is seen in the bending of the lagging 
boards. The degree of deflection indicates the intensity of the load. 
Where loads are cumulative the first member of the supporting structure 
to yield should be the lagging boards. These should be weak enough to 
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break before a sufficient load is thrown upon the sets to break them. 
Where very heavy ground pressures must be withstood, as in swelling 


ground, pegs may be advantageously used, as shown in Fig. 177. The 


pegs are driven into the lagging boards by the ground pressure and pre- 
vent loading up to the point of breakage. They are replaced when the 
lagging board closes down upon the set. In this manner lagging boards 
can be prevented from breaking, and thus excessive loss of timber in 
heavy ground is avoided. Still another method of preventing the failure 
of lagging boards and sets is to ease the ground back of them by picking it 
away. For this purpose spaces are left between the lagging boards, and 
when they begin to show excessive pressure the ground is dug out suffi- 
ciently to relieve the pressure. 
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While timber lagging is generally used, various substitutes have been 
proposed and adopted to some extent. F. Drake describes and compares 
corrugated steel, buckled plates, and flat steel plates stiffened with angles. 
Flat steel plates with stiffening angles are considered too expensive as 
compared with other materials. Corrugated steel, 4%¢ in. thick, is 
capable of carrying 200 lb. per sq. ft., while 2-in. plank will carry 360 lb. 
per sq. ft. (evidently plank with unsupported length of about 4 ft.). 
A buckled plate 14 in. thick would sustain 560 lb. per sq. ft., one 346 
in. thick, 400 lb. For a strength equivalent to that of 2-in. lagging, two 
thicknesses of corrugated steel would be required. The comparative 
costs for wood and corrugated steel lining are given for a mine shaft. 
being, respectively, $2.12 and $5.94 per foot of shaft (area of lagging per 
foot is 55.5 sq. ft.)* 

The principal advantage of metal lagging is that it is fireproof. Lag- 
ging constructed of reinforced concrete would accomplish the same end. 
Ferroinclave would be an excellent material for reinforced-concrete 
lagging. 

Lagging is used in shafts, tunnels, drifts, and stopes and in fact wher- 
ever there is danger of small pieces flaking off without warning. 


1 Use of Steel in Lining Mine Shafts. Trans. Lake Superior Min. Inst., vol. 8, 
p. 34. 
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Braces, Sprags, Wedges, etc.— Braces or sprags are required in almost 
all kinds of timbering in order to provide against side thrusts and to 
steady important members until the weight holds them in place. Tim- 
bers of relatively small section—2 by 4 in., 2 by 6, 4 by 4, and 4 by 6 in.— 
are required. Tunnel sets are usually spragged at top, bottom, and 
middie. In square-set timbering, the girt member corresponds to a 
sprag. Drift sets in top slicing are spragged at three or four points. 

Wedges are used in all timbering operations. They are used prin- 
cipally to hold the prop, cap, stull, or other member firmly until the 
ground pressure develops sufficiently to hold the timber in place. They 
also act as a cushion in distributing the load on a timber. One of their 
important uses is to fill in irregularities between the timber and the wall 
rock. 

Bulkheads are placed in shafts and inclines that are being used for 
working purposes while in process of extension. They consist of heavy 
timber platforms from 1 to 4 ft. thick and heavily braced from below. 
Bulkheads are also used in stoping in order to confine filling and where 
hydraulic filling is used. In this capacity they act as retaining walls. 
The following empirical formulas! give the diameter and spacing of props 
used in the construction of bulkheads for the last-named purpose. 


Flat workings D 
Chute workings (10-25 deg.) D 
Pitch workings (25 deg. and up) D 
Flat workings S = W/H = spacing of props center 
to center, ft. 


L L = length of prop, ft. 


141 D = diameter, in. 


tol od 


Chute workings ' S = % te W = width of opening, ft. 
Pitch workings S = 44 Md H = height of opening, ft. 


The props are placed in hitches at both ends, and the general depth of 
the hitch is equal to the diameter of the prop. The props are angled 
above the normal at an angle equal to one-seventh the dip of the coal 
seam. The construction of different types of bulkheads used in anthra- 
cite coal mining is shown in Fig. 178.’ 

Filling. —‘“‘Stowing,” “waste filling,” and “hydraulic mine filling”’ 
are terms used where mine openings are filled with rock, sand, tailing, 
gravel, ashes, or other material for the purpose of preventing subsidence 
and for support. Where working chambers are on an angle exceeding 45 
deg. almost any kind of loose-rock filling can be used and deposited in 
place economically. With flat workings or workings at a low angle of 
inclination the placing of the filling involves a great deal of labor and 


) 


1 Bull. 60, U.S. Geol. Survey, p. 48. 
2 Bull. 60, U.S. Bur. Mines, pp. 42-47. 
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cost. Transporting by water or hydraulic mine filling is the most 
economical method of filling flat workings and has largely displaced the 
cruder methods of hand stowing. To be most effective, the material must 
consist of pieces not coarser than 34-in. diameter and must be mixed with 
finer constituents of such a nature as to form a cementing bond when 
deposited by the water. Culm, ashes, breaker refuse, sand, gravel, clay, 
and loam have been used. A mixture consisting of medium-sized gravel 
and a moderate proportion of loam has been found to be an excellent filler. 
Gravel mixed with sand, clay, and granulated slag serves the same pur- 
pose. The cost of obtaining the hydraulic filling material, together with 
cost of transportation, largely determines the selection of the material. 
Where rock is used it must be crushed to 34-in. size or smaller. 
Loose-rock filling shrinks to a greater or less extent after being placed 
in position. The amount of shrinkage in a given time is determined by 
the nature of the material and the pressure or load coming upon it. 
Filling material deposited by water is much more compact and shrinks 
less than loose-rock fills. The extent to which filling will shrink under 
variously applied loads and conditions is given in the following table: 


TABLE 72¢ 


Net tons per sq. ft. required to produce | Compression and load at end 


f compression of per cent of test 
Material confined and not free p Pp 


to expand laterally 


Comp. Load 
Broken sandstone....... 3.33) 5.55) 18.32) 46.6) 98.6 35.0 666 
Broken sandstone and 
Banden watareerh sso sees one Da vAD SOS. 5 occ 0 23.0 686 
Dry coal ashes......... iO 5232\e LOLSi= 25.0 51.0 666 
Coal ashes flushed in 
WAG Wie LED are Mprerrai teres) sisisis eA ian carl tee 5.50} 22.0 51.0 666 
Wet culm flushed in cyl- 
inder and partly dry..} 8.9: 35.52] 188.7| 444.0} 33.0 668 
Dry sand in cylinder....| 3.0 33.3 | 129.0} 499.0) 32.2 666 
Wet sand flushed in and 
EAN AChar Suonoucecd salar ese < 


a Bull. 25, U.S. Bur. Mines, p. 55. 


It is obvious that the loads applied at the end of the tests quoted 
above would be extreme and consequently the degree of compression 
would practically never approach these figures (assuming a weight of 
150 lb. per cu. ft., a load of 666 tons per sq. ft. would represent a column 
of material 8,878 ft. in height). 

Filling when it is first placed in position is under a pressure due to its 
weight alone and as a consequence the shrinkage is small. As time goes 
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on it is subjected to a constantly increasing external pressure and the 
shrinkage becomes greater. 
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Metal. Chutes 
Fie. 179.—Construction of ore chutes. 


Ore Chutes.—Ore chutes are constructed through waste fills. They 
require support to preserve integrity and to provide for the wear due to 
the passage of the ore or waste. Unlined passages through wall rocks or 
ore body are constructed where they can be suitably used. In square-set 
stoping. chutes are constructed by boarding a vertical line of sets with 
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2- or 3-in. planks. The planks are placed in vertical position and are 
replaced when worn out. Where the ore strikes against them in falling, 
steel plates or rails are placed in order to take up the impact. Where 
a chute is to be used a long time, timber bricking is used for the lining. 
The “bricks” are blocks 10 by 10 in., 12 by 12 in., or 12 by 14 in. They 
are placed with the grain of the wood normal to the vertical and a row of 
blocks is alternated with a stringer piece. The blocks project 2 in. 
beyond the face of the stringer. (See Fig. 179b.) The arrangements of 
sg Spe Gute, Berrare ring te! 
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Fic. 180.—Chute and manway construction. (Hng. Min. Jour.) 


a two-compartment timbered raise with ore chute, timber compartment, 
and ladderway are shown in Fig. 180. 

Chutes are also constructed of close timber cribbing, the round timber 
being slabbed so as to leave a smooth interior to the chute. Chutes are 
constructed from 3 to 4 ft. square. 

Circular chutes of 4-ft. internal diameter and supported by dry walls 
are used in some of the Michigan copper mines. Wooden and metal 
pipes surrounded by waste are also used for the same purpose. Several 
different methods of construction are shown in Fig. 179. 

Jacket Sets.—In cases where ‘‘ground is on the move’ 
ground pressures are cumulative, outer sets that enclose the main sets 


’ or where 
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with a space interval between are used with shaft, tunnel, drift, station, 
or pump-chamber sets. By their use repairs to lagging and easing of the 
ground can be effected without disturbing the inner set. In Butte 
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Fig. 181.— Jacket sets used in shaft timbering. (H. R. Drullard.) 


Side Elevation 


I 


Fig. 182.—Jacket sets*used at Shattuck-Denn mine. (Joseph Walker.) 


practice the jacket set is offset from the shaft timbers a distance of 2 ft. 
in the clear, making a total widening of over 3 ft., or a distance of more 
than 6 ft. in both width and length of the shaft section. Figure 181 
is a plan of a Butte jacket set. Figure 182 shows another type of design, 
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in which the wall plates of the shaft are protected. A series of posts is 
carried upon bearing timbers and supporting horizontal lagging boards 
that form, in effect, a truss. The shaft timbers consist of cribbing sup- 
ported by the bearers, as shown in the sketch. In other forms of this 
kind the jacket set is, in effect, a V truss, or a three-segment frame bear- 
ing at its ends upon the ends of the end plates. 

Rooms and Stopes.—In the room-and-pillar system of mining coal 
the rooms are separated by pillars. They may be from 12 to 40 ft. in 
width and up to 300 ft. in length. The main weight of the roof is sup- 
ported by the pillars, and as a consequence the props serve the function 
of preventing slabs and pieces of the roof from falling. Usually two or 
four or more lines of props are used parallel with the length of the room. 
The distance between the lines of props varies from 4 to 6 ft. Round- 
timber props are used, the diameter depending upon the length of the 
props and the pressure that must be supported. An approximate 
relationship is 1 in. of diameter to each foot of length. Headboards are 
used where the roof tends to slab in small pieces; where the roof is very 
bad, bars and lagging boards are used. ‘The lines of props are placed as 
close as possible to the advancing face. 

Four methods in the main cover the various mining practices for 
timbering rooms in top slicing. The first is the prop and headboard, used 
where the slice is not completely mined and where a thin layer of mineral 
is left in the roof of the room to protect the miners from any break- 
through of the loose material above. Drift sets with lagging boards are 
used where it is desired to mine all the mineral. Where a fresh advance is 
to ‘be made, the excavation is started at the top and the lagging boards 
are driven ahead and caught on the edge of the top of the ore beyond. 
As this is done under the timber mat above, the miners are sufficiently 
protected. The excavation thus started is carried down under the pro- 
tection of the lagging and the next drift set put in place and braced. The 
face is then ready for another advance. The maximum height of slice 
taken in this manner ranges from 10 to 15 ft. Square sets are used in top 
slicing where the thickness of the slice is irregular, as is usually the case 
with the first or uppermost slice. Rooms are sometimes carried up to 
four sets high and of irregular width and height. Under an unstable roof 
the driving of lagging boards is resorted to. Usually relatively light 
members are used for the square-set members. The “‘stringer-and-prop”’ 
method is used for slices not to exceed 10 ft. in thickness. In this method 
stringers or sills are laid alongside of the props, and boards (2 in. thick) 
are laid over them, forming a tight floor. When the next slice is taken 
out the props are placed under the stringers above at intervals of about 
5-ft. centers. The miners work under the protection of the floor of the 


slice above. 
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In. working stopes in narrow veins a variety of methods are available. 

They are summarized below: 

1. By the use of pillars equal in thickness or diameter to the width 
of the stope (minimum dimension). 

2. By vertical ribs at either end of a stope and longitudinal pillars at 
the bottom and top of the block. 
By bottom, top, and end pillars, and ribs or pillars between. 
By stulls. 
By batteries of stulls, or spliced stulls. 
. By stulls and stringers on the hanging wall. 
. By stulls and stringers on both the hanging wall and the footwall. 
By stulls, stringers, and lagging on the hanging wall. 

9. By stulls, stringers and lagging, and plates or stringers on the 
footwall. 
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Fig. 183.—Pillars used in supporting stopes. 


10. By stulls and partial filling. Several rows of stulls may be 
planked and filling placed within. 

11. By leaving pillars and afterward filling by sand flushing. 

12. By cribs where the working is comparatively flat. “ 

The first three methods involve the use of pillars, and these are justi- 
fied where the ore is of very low grade or where portions of the vein are 
barren and such barren portions are readily distinguishable from the ore. 
The arrangement of pillars admits of wide variation, ranging from occa- 
sional pillars of irregular dimensions to pillars systematically placed. 
Figure 183 shows the possibilities of systematic pillaring. 

Methods 4 to 9 inclusive involve the use of the stull. Stulls are placed 
systematically. Where stulls of insufficient diameter must be used, 
groups of three are placed as a battery and bound tight to obtain sufficient 
strength. The limit of width for stulls may be taken as from 12 to 20 ft. 
Stringers or long timbers interposed between the stull and the walls are 
required where lagging is needed. Vertical props or posts are used 
frequently to brace long stulls. The system bears a close resemblance 
to the square-set method. 

Stulls may be set in hitches in both the hanging wall and the footwall, 
or they may be placed in a hitch on the footwall with a headboard and 


wedges used on the hanging-wall end. The latter is the method more . 
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often found in practice. Where stulls are used on inclined veins they are 
set at an angle of 10 deg. above the normal between the walls or at right 
angles to the wall. The settling down of the hanging walls tends to 
bring the stull into a position practically coinciding with the normal. 
Where the ore body is vertical, horizontal stulls are used and these 
permit the use of headboards on either end. They are wedged into 
place, and vertical props keep the stulls in place until the side pressure 
develops sufficiently to hold them firmly. The further development of 
side pressure crushes the headboards without breaking the stulls. When 
the headboards are crushed down to 40 or 50 per cent of their original 
thickness the ends of the stulls are sawed off and the new headboards 


(5) (¢) 
Original Condition Head Boards aac cy bree: New Head Boards 
Reduced to 43 Thickness Heads Boards Placed in Position 
Removed 


Fig. 184.—Compression and replacement of headboards in stull timbering. 


are placed. In this case a stull that would take weight enough to crush 
within a month’s time without headboards will last some 12 months 
or longer. The method is shown by the four sketches in Fig. 184. 

Methods 10, 11, and 12 involve the use of filling as a final means 
of support, whatever timbers are used for the purpose of temporary sup- 
port. In the case of an ore body of considerable vertical and lateral 
extent, open-timbered stopes are inadvisable and filling must be resorted 
to. While it is true under such conditions an open stope of consider- 
able size can be maintained, the larger the stope, the greater are the forces 
which tend to produce movement, and as a consequence when movement 
starts it becomes much more difficult to control. When development 
shows an extensive ore body, the sooner the stopes are filled and the 

“more systematically filling follows the ore excavation, the simpler is the 
support problem. 

Wide Ore Bodies.— Where walls and ore are firm and solid, chambers 
of large size may be excavated without support of any kind. The limit 
to size is uncertain and admits of no well-defined rules. Filling of some 
kind is invariably resorted to unless a top-slicing method or underhand 
stoping is used. The mining of a slice of ore is followed by filling, the 
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filling serving the double function of giving support and affording a 
working platform for the miners. The filling is more frequently placed in 
horizontal layers, although sometimes it is run in on a 45-deg. slope and 
follows up the advancing ore face, which is maintained at approximately 
the same slope. The maximum length of stope is determined by local 
conditions and by the judgment of the engineer. Narrow vertical ribs 
or pillars separate the stopes along the strike. Two hundred feet may 
be taken as the maximum length of the stope. 

Where the ore back is not firm enough to support itself across the 
width of the ore body, cribs can be constructed on the waste fill at 
frequent intervals to support the weight. The timber cribs may be 
buried in the fill or else recovered in part. 

In some ore bodies the broken ore itself may be left in the stope to 
serve as a support and a working platform. This method has been 
described under shrinkage stoping in the chapter dealing with Under- 
ground Methods. If walls and ore body are weak, square set and fill is 
the only method suitable if block-caving is out of the question. 

Trenches and Foundations.—Trench and foundation excavations 
require little or no support where they are excavated in relatively firm 
materials or where the sides of the excavation can be sloped. Excaya- 
tions driven in sand-like material or where the vertical walls have to be 
carried in materials tending to cave require temporary support. The 
simplest form of trench support is the sheet pile. This is a 2- by 6-in. 
sheet plank from 8 to 12 ft. long. One end is chisel-shaped. Two rows 
of piling are driven along the lines of the trench and the earth between is 
excavated and removed. Longitudinal stringers and cross braces are 
put in as excavation is deepened and serve to stiffen the sheet-piling wall. 
Deeper excavations are supported by driving a second double row within 
the first and extending this down as in the upper row. An excavation 
of considerable area can be driven in the same manner, the only novelty 
being the necessity of extending the braces from wall to wall in both 
directions. Figure 185a gives the details of a trench excavation. 
Wooden sheet piling is driven with a heavy wooden maul, the head of the 
pile being protected by a driving cap. Compressed-air hammers have 
displaced hand methods for driving and withdrawing sheet piles. The 
piles are pulled after backfilling by a pulling yoke, shown in the figure. 
A single row of sheet piling serves for dry loose ground. With wet ground ’ 
a double line of piles is better, and more satisfactory still is a double line 
of grooved piles, in the grooves of which a tongue is driven. 

For deep trenches in wet soft ground the steel sheet pile has displaced 
the wooden pile and is much more satisfactory. A number of kinds of 
interlocking steel sheet piling are on the market. The U.S. Steel and 
Lackawanna sheet piling are shown in Fig. 185b andc. The Lackawanna 
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is made in the straight-web, arched-web, and center-flange types, the 
constructions other than the web type giving a much stiffer pile. Steel 
piling is practically watertight and hence is of great service is wet founda- 
tion work in soft ground. It can also be used in shaft work, and for 
this purpose piles up to a length of 85 ft. are available. It is necessary 
to use interbracing in order to prevent the walls from buckling as the 
ground is removed from within the enclosure. 
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Fig. 185.—Wooden and steel sheet piling. 


Retaining Wails.—Retaining walls are frequently used in and about 
surface plants. Very often the filled timber crib is employed. Wooden 
walls are anchored by wire rope attached to deadmen. The subject 
of the mechanics of retaining walls is comprehensively treated in civil 
engineers’ handbooks, and to these the student is referred for extended 
discussion of this structure. 

Handling Timbers.—Mine timbers of ordinary lengths and dimensions 
such as would be required in square-set stoping, drifting, and narrow 
stopes are lowered into the mine on cages, or skips. Where cages are pro- 
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vided with doors and the decks are fully loaded no lashing is necessary, 
but without doors or with partially loaded decks the timber load must be 
lashed. With skips the timbers are loaded without difficulty. Where 
large timber cages are in use the timber is loaded into a car and run on to 
the cage. This is the most economical method of handling timber and 
involves the least delay in loading and unloading cages. Long stulls can 
be loaded only on the top deck of two- or three-deck cages. In some 
cases two-deck cages of special construction are required. In them the 
upper deck is made removable so that the long timbers can then be loaded 
on the lower deck. Shaft timbers are lowered by attachment to a chain 
or rope fastened beneath the deck of the sinking cage. They are 
swung into position and attached to the suspension rods before being 
released. 

Unloading timber at stations is done by hand. Chain blocks and 
crabs are used for very heavy timbers, and the labor required in un- 
loading is reduced to a minimum. 

Wedges, blocks, and miscellaneous small timber are loaded into cars, 
lowered to the stations, and trammed to the points where required. 
For convenience in handling, blocks may be nailed to a strip so that a 
number can be handled as if there were one piece. Wedges are handled 
in bundles. 

Transportation from station to stope is effected in special timber cars, 
which are low flatcars provided with iron side supports where round 
timbers are handled and without them where square timbers are in use. 

Getting the timbers into the stopes is effected by either hoisting them 
up or lowering them down through a manway. In some cases an inclined 
timber chute with a deflecting board at the floor on which the timbers 
are to be discharged is used and the timbers dropped into place. In the 
Minnesota iron mines, timber chutes leading from the surface to the 
sublevels are used, and thus all lashing and unlashing of timbers is 
avoided. In the great majority of cases timbers are placed in position 
manually. For the placement of very heavy stulls, temporary props are 
placed in position and a block and tackle is used to hoist the timber into 
position. Chain blocks of light construction also serve the same purpose. 
A temporary rigging is required in either case. Light jacks of consider- 
able extensibility are also used to lift heavy timbers. 

Miscellaneous.—Prop and post pullers are used in recovering mine 
timber in coal mining. They are necessary because of sudden falls of 
roof after the removal of the prop. The Sylat post puller is shown in Fig. 
186. Timber is seldom recovered in metal-mining operations, although 
certain economies can be effected by systematic efforts in this direction. 
C. L. Larson described the methods used in square-set mining.! The 

1 Min. Eng. World, May 24, 1918, vol. 38, p. 985. 
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method consists in taking a section of the open stope, three sets wide and 
six sets high, lacing the sides of the section, and catching up the timbers 
forming the bottom of the second floor by diagonal props or stulls. The 
same thing is done for the third floor and then the posts, caps, and girts 
of the sill and first floors that are within the area are removed and the 
space is filled from a chute served at the top of the stope. The lowest 
line of stulls is removed and replaced on the fourth floor and the timbers 
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Fie. 186.—Sylat prop puller. 


constituting the second floor are removed, with the exception of the 
outer members, and then more filling introduced. Floor after floor is 
treated in this manner until the top has been reached. The top floor can 
be “handbanked”’ if there is a bad back, or many of the timbers of the 
topmost floor can be recovered by careful work and the use of props 
resting on the filling. Where excessive side pressures from neighboring 
filled stopes or ore faces develop during the timber recovery, some of the 
inclined stulls can be left or a horizontal stull spanning the width of the 
filled stope can be placed. Figure 187 shows the method. In the figure 
a line of sets is left open for attacking the ore face from the side. Larson 
shows that work of this kind is profitable. 

Fundamental Principles——The following summarizes the more 
important fundamental principles applying to mine support. 

Other things being equal, where timber is used the timber that is 
toughest, strongest, and longest lived should be selected in preference to 
cheap timber. 
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Where ground pressures are heavy, uncertain, or cumulative, soft 
wood should be used in preference to hard woods, malleable metals in 
preference to nonmalleable, and masonry and timber composite struc- 
tures in preference to all-masonry structures. 

As far as practicable, timber or other materials used in support should 


be subjected to compressive forces. 
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Fia. 187.—Timber recovery in square-set stoping. 


Joints should be of the simplest construction and should be designed 
for compression, the minimum weakening of the timber, the minimum 
loss of material in framing, and the minimum risk of breakage in handling. 

Timber members should be standardized and their preparation by 
machines instead of by hand labor should be provided for. 

The design of the sets should be such as to equalize the loading and 
to balance the thrusts. No dependence should’ be placed upon bolts, 
spikes, or rods. 

The design and materials selected should admit of yielding either by 
condensation of the structure or by penetration of part of the structure 
into the ground where heavy ground or cumulative ground pressures 
must be resisted. ; 


SUPPORT OF MINE WORKINGS 391 


In heavy ground or cumulative pressures, provision for easing the 
ground should be made. 

No large open spaces should be left back of lagging or main supports. 
Such spaces should be filled with timber, timber and waste, or, if economy 
is necessary, by cribbing with refuse timber. Whatever filling is used 
should possess the property of consolidating to a greater or less extent as 
pressure comes upon it. Its immediate purpose is to prevent the fall of a 
heavy block of ground upon the lagging or timber sets. 

Timber treated with preservatives is justifiable where long life is a 
desideratum. 

Comparative first cost and maintenance should be figured for each 
material and the selection made on the basis of lowest unit cost. The 
unit cost, which involves the element of time, might be expressed as 
cost per cubic foot of excavation per year of life in working openings. 

In stoping heavy ground the least possible volume should be opened 
out as an unsupported space and then timbered as quickly as possible. 
Where the ground is loose or especially liable to cave without warning, 
forepoling of some kind is essential. 

Where block movement is expected in the mining of large ore bodies, 
filling is necessary in all overhand stoping. 

The mining of large ore bodies where top slicing or block-caving is 
impossible and where the ore body requires support is best accomplished 
by timbering supplemented by filling. 

Large ore bodies where the ore is “‘heavy”’ are best divided into small 
blocks, and each block should be mined and filled as a unit before the 
blocks immediately adjoining are touched. 

Timbering or support is a means to an end and only sufficient money 
to accomplish the specific end should be put into the supporting structure. 

The subject of support in a given mine should be studied and deduc- 
tions made as the mine is opened out. The experience gained by a 
certain amount of experimentation with materials and methods should 
be made a matter of record and used in planning new work. The 
experience of neighboring mines is often of great value to the management 
of a new mine. 

Gunite.—The application of cement-sand mixtures, conveyed dry by a 
stream of air under high velocity and deposited by a mixed water and 
air spray upon the surface to be coated, has received considerable accept- 
ance in mining work. The layer deposited in this way is exceedingly 
dense, practically water-impervious, and usually bonds well with the 
surface upon which it is deposited. It can be used to prevent slabbing 
where slabbing or flaking off of the rock surface in mine workings is 
caused by the action of air and moisture upon the exposed rock surface. 
The layer of gunite, being impervious to both air and moisture, prevents 
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the slacking or slabbing of the rock. By its use timbering can be avoided 
under the conditions described. As applied to timbers, it is an effective 
fireproofing agent. Experience has shown, however, that when impor- 
tant mine timbers are covered with a gunite layer they cannot readily be 
inspected and their condition determined without breaking the layer. 
Dry rot takes place underneath, and for this reason gunite over timbers is 
of doubtful advantage. 
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Fria. 188.—Sectional view of cement gun. 


Clean dry sand (maximum size limited to 14 in.) is used in proportions 
ranging from 1 to 3 up to 1 to 5. For coatings 34 in. thick or less, E. M. 
Norris recommends a mixture of 1 cement to 3 of sand. George 8S. Rice 
states that due to rebound material a mixture of 1 to 3 approximates 1 to 
214 when in place. Fora 1 to 4% mixture, one bag of cement (1 cu. ft.) 
is stated to be sufficient for 32 sq. ft. of gunite 1 in. in thickness ; for a1 to 
3 mixture the area is 22 sq. ft. 1 in. in thickness, Approximately 1 cu. yd. 
of mixture will equal 0.6 cu. yd. of gunite in place. Three sizes of 
machines are made for handling the mixture. These are designated N-0, 
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N-1, and N-2 and have cubic contents, respectively, of 3, 4, and 5 cu. ft. 
Their weights are 900, 1,400, and 1,475 lb. complete with standard 
equipment. Sizes of the material, air hose, and water hose are, respec- 
tively, 1 in., 34 in., and 14 in.; 114 in., 1) in., and  in.; 13¢ in., 114 in., 
and 44 in. Free air required is 110, 150, and 225 cu. ft., respectively. 
Water pressure should be 20 lb. in excess of air pressure, which ranges from 
40 to 75 lb. Maximum length of material hose is stated to be 500 if., 
although 200 ft. is probably nearer the practical limiting distance. E. M. 
Norris found that in shaft work with 75 lb. air, the cement gun worked 
well at a distance 200 ft. above and 75 ft. below the gun. Figure 188 
shows a cross section of the cement gun. 

Except where it is used for waterproofing, there is no special advantage 
in using gunite for floor work. For wall work there is a limit to the 
thickness of the layer that can be applied, as thick layers tend to slough 
off before the cement sets. In work of this kind several successive layers 
are applied until the desired thickness is attained. In roof work there 
is a still greater tendency to slough and the layers should be thinner, , 
approximating 14 in. or less in thickness for each layer. Chicken-wire 
reinforcement is necessary in covering timber. This is first attached to 
the timbers and then the gunite is applied. 

Quantity of Timber Required.—The quantity of timber required per 
ton has been figured out in the following examples. 


TaBLE 73.-——TIMBER QUANTITIES AND RATIOS FOR A THREE-COMPARTMENT SHAPT— 
CoMPARTMENT Sizus: 4.5 By 5, 4.5 By 5, AND 6 By 5; Excavarion LINE | Fr. OUTSIDE 
or TIMBERS 


Board feet 


se . Volume | Bd. ft. per | Bd. ft. per 
Size of timber excavat. cu. ft. ton 


Shaft sect eae: Lagging Total 


10 < 10 855 200 600 1066 1.55 20.2 
12 X 12 1256 250 600 1080 1.95 25.4 
1370 300 600 1188 9 24.8 


Taspuy 74.4—BoarpD Fret per LInEAR Foot or Drirr 


Spacing of sets center to center 


Size of timber, inches 


a 2-in. solid lagging on top; lagging 3 ft. wide on sides; drift 4 by 6.5 ft. inside timbers—no waste 
allowed. 
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Tasty 75.—Boarp Freer per Ton or Orn Ruquirep BY STULL TIMBERING 


Spacing 6 ft. hor., Sivevotatail 


Width of vein, ft. Spacing 6 ft. both | Spacing 6 ft. hor., ne Ost 


ways 7 ft. vert. 


0.70 
.10 


Norr.—Ineludes stull timbers only—no ladders, chutes, manways, or drift lagging. Sp. gr. ore, 
2.67; 13 cu. ft. per ton. 


Taste 76.—Boarp Frrr per Ton or Ore IN Square Serrine—Sp. Gr. Org, 3.5; 
Sp. Gr. 2.67 


r Square-set interval 


Size of timbers iy. Gap < Tian 6X 6 X 8.5 
Sp. gr. 2.67 | Sp. er.3.5 | Sp. gr. 2.67 Sp. er. 3.5 
SC Sula yee ee eee ee 3.2 
-+ 20 per cent excess........... 3.8 
POET Opimiets evade ae ee alk 
+ 20 per cent excess 6.1 
LZ AD cre eee yk ee ee 1.3 
+ 20 per cent excess : : . 8.8 
Tonstperiblocknen meee iene : : i 33.5 
TasLe 77.—Boarp Fret pER Ton IN STOPING 

Gratcaird fill 2.9 open caterseoecpte a incnert nas Retr ote I ac 1-7 

Shirimltage Gace .te ee set ae Rar Ne vice eR ed ee ne aa 1-4 

Dquaite, setbinia mire its whe cin elena ace tka ee DME eR eh 12-20 

"LOD SliChig 4) Mate nap aco Aiiogs bs a aed eee a Variable to 12 

Buttermimessanera o Caps. ceteante ein asec ee uae rea ene mee 14 

TABLE 78.—Boarp Fret pER TON—UNITED VERDE 
(J. B. Pullen) 

RemMNANt StOpPesins on. mares vae sch wle eth, eRe ae ey ke ico ea er 7.47 

Vertical pillarscie tis 25 Gi sto nickerecederclorets ance ae Ata en ence 5.89 

Horizontal pillars sah. .cs.c & see eomven ce nen ene cane oT eae 9.26 

Mitchell-sliceistopes!: <5 .ac/ seikie eo icte homeo tn roe eee 7.18 


Tiiclined*.cutiamicl fill 3 oc aeotana a census cae ie Ren ce one IC enna 4.08 
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TABLE 79.—Buiock-cavING—TIMBER, STEEL, AND CONCRETE PER TON 


(P. B. Bucky) 
Mine Inspiration Miami Seat Johnson 
Mina ene be fit A Neuse syed nee 1.00 1.58 We AS) 0 
SHC: dl ss RR ee Mpa ony et a | Small Small Negligible | 0.68-0.96 
Concrete mcWarl tie te ok vie. woe es Small Small Negligible | 0.054—0.03 


TasiE 80.—COoNCRETE FOR SHAFTS AND Cost or ConcRETING 
(M. J. Elsing) 


Concrete shaft 


a eae 5 Outside Wall 
Shaft rie ne Cost per Coaticons Cost con- area thickness, 
crete per sq. ft. ft. 


crete per 
cu. ft. 
eu. yd. | of shaft 


AUD GTO |S co ake heete meee 5.5 |$ 79.00 | $14.36 | $0.27 288 is 
Deni eens, a. toate ie a hot 4.5 80.25 | 17.82 | 0.38 210 elf 
(UinitedieVierdeymen suas. 2.4 146.84 | 61.30 | 0.72 205 0.7 
United Verde—ring....... 0.8 50.11 58.80 | 0.24 205 

ibsateye Jaa tle ee mm eect earn ee ol ee IO) 41.00 | 13.70 | 0.19 216 1.6 
IN‘epiaUMe cme tepas Aurarte yore 1 3.2 39.50 12.34 | 0.13 314 1s 


TABLE 81.—PRops REQUIRED IN ROOM AND Piuuar, [nurnors Coan Mines 
(llinois Coal Mining Investigations) 
Maximum number 8.1 props per 100 sq. ft.; minimum 0.9; average 5.0 


TaBLE 82.—Suprort Costs pER Foor AND PER TON 
(U.S. Bureau of Mines) 


Timber cost per foot Timber cost per ton 
ee ? : | 
DithisscrOosscuUstmecni us $0.00— 4.37 | Open stoping............ | $0.00 —0.10 
IBXopHxol Wig GOON ans Bo wee 0-137.8 | Shrinkage stoping........| 0.006-0.20 
Shafts, timbered........| 6.30- 13.15 | Cut and a ee 0.07 -0.47 
Shafts, steel-concrete....| 45.90-111.45 | Square setting........... | 0.26 -—0.40 


Cost of Support.—The elements that enter into the cost of support 
are cost of material, preparation, handling and bringing to position, plac- 
ing in position, replacements, easing of ground, and inspection. Develop- 
ment workings must be kept open, and while considerations of economy 
require the immediate abandonment of such workings when they have 
served their purpose, a relatively large proportion must be kept open and 
in repair. The aggregate cost of this may be charged to development or 
may be placed as an item in the cost of mining. The cost of support in 
actual stoping is readily figured on a per-ton-of-ore-mined basis and is an 
approximately constant quantity in any given ore body. Comparative 
costs can be roughly determined by comparing the amount of timber 
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required or where different materials are to be used, by computing costs 
for the different types of structures. 

Subsidence at Surface.—Subsidence research has produced a litera- 
ture in several languages. Conclusions are diverse because so much 
depends upon the nature of the overlying rocks and the presence 
of shearing, slip and fault planes, stratification and dip, as well as the 
mass of mineral mined, its shape, position, and depth, and whether waste- 
rock filling has been used. The area of subsidence may be equal, greater 
than, or less than the area mined; the surface depth of the subsidence may 
be some fraction of the thickness of the mineral mined; subsidence may 
begin several months after mining is completed and may continue a 
number of years thereafter. Depth influences this factor, shallow 
deposits subsiding more rapidly than very deep ones. 

One of the most complete studies of subsidence in metal mining was 
made by W. H. Kantner! for subsidence over caving areas in an ore 
mass at Bisbee. The original thickness of the capping was 425 ft.; the 
total height of the irregular ore mass was 625 ft. The upper horizon was 
400 by 150 ft.; at the 900-ft. depth it was 700 by 500 ft.; and at the 1,060- 
ft. depth, 100 by 100 ft. Final measurements after 77 months showed 
28,250,000 cu. ft. of ore mined; the projected area of caving blocks was 
some 161,000 sq. ft.; the surface area subsided was 1,535,000 sq. ft. with 
volume 15,855,600 cu. ft. and a maximum subsidence of 78 ft.; ratio of 
volume mined to volume of subsidence area was 1.78. The maximum 
angle of break was 45 deg. above horizontal; and the minimum, limited 
by a fault, was 65 deg. ; 

Barodynamics.—The application of models in the study of the action’ 
of mine-supporting structures and roofs and walls in relation thereto 
promises a better understanding of the problem of mine support. Pro- 
fessor P. B. Bucky and his assistants have developed an ingenious 
centrifugal machine in which a model to scale of an original or proto- 
type may be tested by forces that may be measured. Bucky states that 
a scale model of any weighty structure will behave similarly to its 
prototype if the model and the prototype material are the same and 
the model weight is increased in the same proportion as its linear dimen- 
sions are decreased. He obtains the effect of an increase in weight by 
substituting a centrifugal field of force for the gravitational one. Techni- 
cal Publication 425, A.I.M.E., 1931, contains a discussion by Bucky of 
his method, and subsequent papers give results of researches in this 
new field. The method is not without its limitations, and its conclusions 
may in some cases be open to considerable doubt, but there is no doubt 
about the value of such researches in aiding in the understanding of 
ground forces and supporting structures. 

17.P. 552, A.I.M.E. 


/ 
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The U.S. Bureau of Mines has made interesting studies of roof move- 
ments in coal mines (Report of Investigations 3452, 3355) and has initated 
research in the measurement of pressures on rock pillars (Report of 
Investigations 3444). C.A. Pierce (7. P. 985, A.I.M.E.) gives the 
results of measurements of roof and floor convergence in mining a 
mixture of sylvanite and halite in horizontal beds varying from 5 to 
12 ft. in thickness under a cover about 1,000 ft. in depth. The average 
weight of cover approximated 1,000 lb. per sq. in.; a 50 per cent extraction 
by room-and-pillar mining loads the pillars to 2,000 lb. per sq. in., which 

Pierce states is their approximate bearing strength, or compressive 
strength just short of producing plastic flow. Room-area extraction on 
first mining is about 58 per cent and total panel area extraction 40 per 
cent. Convergence was found to be of small magnitude. No conclusions 
were made and the studies are continuing. j 

Important studies of earth pressure and shearing resistance of plastic 
clay in tunnel and open-cut work were made by K. Terzaghi, R. B. Peck, 
and W. 8. Housel and are given in a symposium report, Trans. Am. 
Soc. Ciwil Eng., No. 108, 1948. 

Rock Bursts.—Discussion of rock bursts is a live subject among 
mining engineers in relation to very deep mining. A rock burst is a 
sudden, violent breaking of rock walls stressed beyond their strength limits 
and is accompanied by earth tremors. In the Kolar gold field (India) 
and in the deep mines of South Africa, rock bursts caused 40 per cent 
and 9 per cent, respectively, of all fatal accidents for the years 1932-37, 
inclusive. The potential hazard of rock bursts is a serious factor in some 
but not all deep mining. On the other hand, rock bursts may occur both 
at the surface and at comparatively shallow depths. However, they are 
much more likely to occur in the relatively few mines whose depths 
exceed 3,000 ft. Gold mines in Ontario have reached depths of 4,000 
to 6,000 ft. In some mines control of rock bursts has assumed great 
importance. In the India districts there are five contiguous mines along 
the same ore zone, two of which have reached depths of 7,000 ft. or more 
and all but one are below 6,000 ft. The Kirkland Lake area (Ontario) 
comprises a contiguous group of some six mines, two of which have 
reached depths of about 6,000 ft. In South Africa a number of contigu- 
ous deep mines operate along the same ore zone. In all three of these 
areas rock bursts are of great concern. Rock bursts likewise occur in 
Sudbury (Ontario). In the United States the Michigan copper district 
has had some rock bursts, but no rock bursts have been reported in 
California, where two contiguous gold mines have reached depths of 
5,000 ft. 

Partial control of rock bursts has been effected by reducing open 
stoping space to a minimum, systematic sequence in stoping, careful 
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waste-rock filling, the use of stronger stope supports, and retreating 
methods. Pillars and unmined stope remnants are avoided, as there is a 
concentration of pressure upon all residual mining areas when stoping 
nears completion in any given place. 

In the Kolar district, P. J. Crowle makes use of squared granite 
blocks to support stopes where filling by waste rock proved insufficiently 
rigid and concrete proved to be too rigid. Granite blocks allow a com- 
pression of some 10 per cent and are very strong. By the use of timber 
filler webs a somewhat greater degree of compression may be obtained 
with the granite blocks. Drifts are supported by 75-lb. steel rails bent 
to form two halves of an elliptical section when joined at top and bottom 
by 5¢-in. welded-plate joint boxes. The steel frames are placed at 4-ft. 
centers and support round-pole lagging, behind which is placed not less 
than 18 in. of loose packing. 
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CHAPTER XII 
OPEN-PIT MINING 


GENERAL FEATURES 


Advantages and Disadvantages.—Open-pit mining has the advan- 
tages of lower mining cost, easier supervision, larger mechanical appli- 
ances, better working conditions in respect to light and air, usually safer 
working, ‘no timber for support, more convenient and usually more 
efficient use of explosives, larger. production, fewer skilled workers, 
higher work ratios, and a greater proportion of mineral won over that 
obtained by underground mining. It has some distinct disadvantages, 
such as exposure of the workers to the weather and as a consequence the 
restriction of working in some localities to a part of the year, the limita- 
tion to moderate depths, a plant made up of a number of scattered units, 
and frequently the removal of large amounts of waste or overburden 
material. 

Limitations.—Obviously the mineral deposits such as creek, bench, 
and river placers and those deposits that outcrop on the surface are 
best won by open-pit working, while deep-seated mineral deposits can be 
worked only by underground methods. Veins and beds that are inclined 
at high angles cannot be mined to special advantage by the open-pit 
method unless they are very thick. Extensive flat deposits buried 
under a moderately thick cover or directly exposed are most advanta- 
geously mined in this manner. Mineral deposits can be completely or 
partially won by open-pit methods. The varying thickness of over- 
burden and the structure of the deposit determine this feature. The 
relative amounts of open-pit and deep ore within certain limits influence 
the selection of the method. <A deposit comprising a small amount of 
open-pit ore and a large amount of deep ore would be mined by under- 
ground methods. On the other hand, it is comparatively easy to use 
underground methods from the edges of an open pit. 

The bounding line between open-pit and underground mining for 
a given deposit is established by the cost differential between open-pit 
and underground mining and the cost of surface excavation. 


CLASSIFICATION AND PHYSICAL PROPERTIES OF ROCKS 


Classification.—In excavation work the engineer classifies rock masses 
into several convenient groups, each of which is defined in the specifica- 
401 
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tions of the work and each of which usually calls for a different contract 
price. Quite commonly the groups are earth, hardpan, loose rock, and 
rock, and while these are satisfactory for certain kinds of excavation work 
they do not cover a wide enough range. The following classification is 
suggested and will be used in the discussion of methods. 

Class Ia.—Sand, fine gravel, soil, and silt containing little or no 
water. Class Ib.—Quicksand, mud, and clay containing more or less 
water. 

Class [J.—Sand and soil containing boulders and large stones, coarse 
gravel, and loose rock. ; 

‘Class III.—Hardpan, compact hardpan, shales, more or less fissured 
masses of soft rock, coal, compact and partly cemented gravels, and 
rock masses greatly weakened by sheeting, joint, and movement planes. 

Class IV.—Medium-hard rocks such as sandstone, limestone, slate, 
voleanic tuffs, volcanic glasses, breccias, cemented gravels, and rock 
masses weakened by sheeting, Joint, and movement planes; greatly 
altered rock masses, soft ores. 

Class V.—Compact hard rocks, silicified limestones, igneous and 
metamorphic rocks, gneisses, moderately altered rock masses, quartzite, 
and most ores. : 


TaBLe 83.—WeicuTr or Various Rocks, Ores, AND MINERALS, IN POUNDS PER 
Cuxsic Foor 


Rocks or mineral material Sig ae Rocks or mineral material ihe ese 
Granite): Snc.ar ose. || 16555-1690) tron orer(magnetite)- eee. 318 
Tamestené@y... 5 coe eee st LASLO=17- 7 shlron oren(imonitie)\eeeseee 245 
Basalteicnt. ak eee ein 168 .0-184 | Iron ore (carbonate)....... 239 
Sandstone.................| 116.0-154 | Iron ore (Mesabi) loose... . 148 
Clean: sand aaron ees Ss 90 Quartz esol acento 167 
Clay GirVit ins tone cree ce 100 Quartz, loose, broken...... 100 
Clay, damp plastic......... 100 Quartz broken fine and 
Gravelmcleantennes. cents ame: 100 well*packeds wocencmentien 112 
Gravel, sand, clay......... , 100 Quartz as quarried........ 94 
Soilens acne Mckee: ares ieee 100 Slaibendc.supacs eee en Poon ic ie RL Oc SETS 
Mud diryayy een sera ean US IANO. ISIS, oo oj obo so sos oe owes 162 
INS BGs Lee) ty peatoP ean weave 4 sea LOSS ORs ohalesbrokent semen ite 92 
Soft rotten rocks)... 1.65. 110 Derpentinedcnt nos eee soe 162 
Hard rotten rock.....:..... 100 Scapstone ere. use eee 170 
eld spate ctarsw a ane 162 PUN hy Meme bes uel onie ed Si ise. 168 
ECL mits syirqehekeeal én elec meee eee: 162 A I Wo ereraee eee BRT eas Sa cho eee 187 
(GDEISS Setanta nies 168 Anthracite coal, solid...... 87 .5-112.5 
Greenstonenannen tan seem 187 Bituminous coal, solid..... 75-94 
Greenstone, broken........ 107 Anthracite, broken........ 52 
Hornblende......... pees 203 Bituminous, broken........ 47-55 
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Class VI.—Very tough hard rocks, unaltered igneous rocks like 
granite, diorite, diabase, tough metamorphics such as flint and jasper, 
dense hematite and magnetite ores, and highly silicious ores not weakened 


by fractures. 


Material of classes I and II requires no loosening as a preliminary to 
excavation, while material of class III must be loosened by plows or 
Material 


other mechanical devices or by blasting with explosives. 


of class IV requires preliminary blasting with low-grade dynamites, class 
V requires medium dynamite, and class VI, 40 to 60 per cent dynamite. 
Physical Properties of Rocks.—The physical properties of rocks 
of importance to the engineer are density and porosity, the void spaces 
in broken or loose material, the extent to which excavated material 
increases in volume on being excavated, and the degree of consolidation 
that takes place in banks and piles while and after they are placed in 


position. 
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eee are aod Bedrock 

AVA SDagetlonmeaterialeirozenn 44s. s4aeer one: 1.401 2.189 2.59 
Av. Sp» gt.-olfithawed and: dry... 5.5.0.0 ..000> 5. 2.411 2.69 2.655 
Av. sp. heat of frozen material.:............... 0.196 0.172 0.183 
Av. per cent of ice in frozen material by Vom pee a 9.6 

; by weight..| 44.7 16.0 4.26 
Av. per cent of solids in frozen | by volume..| 31.8 70.9 90.4 

material by weight..| 55.3 84.0 95.74 
Av. percentage of voids in frozen material....... 0.0 1.28 0.0 
Av. percentage of voids by volume in thawed 

Pane OTANLY 3b enya aidencld tice a ag oe Dione econae mer cetare 6.1 3.97 1.65 
Av. percentage of ice per cu. ft. of material...... 39.11 22.00 6.96 
Av. Ib. of solids per cu. ft. of frozen material..... 48.39 115.50 159.95 


«4¥rom Eng. Min. Jour., vol. 95, page 706. 


Table 85 gives the weights of materials of different specific gravities 


and for different percentages of void space. 


TABLE 85.—WEIGHTS PER CuBiIc Foor 


Sp. gr. 


Wt. of water in 
lb. to fill voids 


Wt. per cu. ft. solid...... 162.5 | 168.8 
30 per cent voids........ 113.8*} 118.2 
35 per cent voids........ 105.6 | 109.7 
40 per cent voids........ 97.5 | 101.3 
45 per cent voids........ 89.4 
50 per cent voids........ 81.3 


181.3 
126.9 
117.8 
108.8 
99.7 
90.7 


187.5 
131.2 
121.9 
112.5 
103.1 

93.8 


nl 


° 
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Table 86 gives the weight per cubic foot for different mixtures of 
sand and water. For an increase or decrease of 0.1 in specific gravity of 
material, multiply weight of sand by 0.37 and add or subtract this weight 
from the weight of sand and the aggregate weight given in table. 


TaBiLe 86.—MrxTurEs oF WATER AND SAND OR GRAVEL 


Sp. gr. of solid 2.7 


Per cent of material by volume 


7 | 8 9 10 


Wt. of sand per.cu. ft lb.. | 5.06 | 8.45'| 10.13 | 11.83 | 13.5 | 15:2 | 16288 
Wt. of water per cu. ft., lb. | 60 62 | 59.37 | 58.75 | 58.12 | 57.5 | 56.87 | 56.25 
Aggregate wt. per cu. ft. of 
mixed sand and water, 
UN oars nas cia rac area 65.68 | 67.82 | 68.88 | 69.95 | 71.0 | 72.07 | 73.13 


The determination of density can be made by excavating the material 
from a known volume and weighing it in its natural state and then drying 
it and reweighing. Thus two quantities can be figured, the weight per 
cubic foot as excavated and the dry weight per cubic foot. In porous or 
spongy ores the volume occupied by selected pieces can be determined by 
. the sand-displacement method and from the weight of the piece the 
density can be figured. In the case of compact ores the determination of 
the average specific gravity can be made from a number of pieces by 
weighing each in water and in air in the customary manner. 

Practically all earths, ores, and rocks increase in volume when broken 
and removed from place. Shaking or ramming reduces the volume and 
increases the density. With soft materials the original volume is approxi- 
mated, with spongy material like some iron ores the volume can be made 
less than the original, while hard broken rock admits of a minimum 
reduction in volume. Two methods for the measurement of excavation 
are in use, “place measurement,” which is preferable, and “loose or car 
measurement.”’ The ratio between place measurement and car measure- 
ment for different materials is given by the Bucyrus Steam Shovel 
Handbook in Table 87. 


TABLE 87.—RELATION BETWEEN PLACE AND CAR MEASUREMENTS 


Minimum Maximum Average 
Spongy Wom Ores nea eee ene 0:7 07 0.94 
Dahdaatee nine delat ente naa Ree 0.56 0.56 0.56 
Cay SSRN sth Se aia ae eR a ee 0.47 WE ACE 0.61 
Barth ’stis Saxe ake eet oe eee eee 0.43 0.77 0.53 
ROGK Eagles ssw Daattophaka a tee Olt eee 0.12 0.79 0.43 
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The amount of shrinkage or consolidation after filling depends upon 
the nature of the material, the presence of water, the action of rain, and 
the amount of rolling or compacting when placed. 


METHODS OF EXCAVATION 


The nature of the material, the topography and general conditions, 
the quantities to be handled, and available capital, engineering, and man 
power determine methods of excavation and the selection of mechanical 
appliances. The problem of the open-pit engineer is economical and 
efficient handling of ore and of waste rock, which may be overburden or 
may be in part included within the ore mass. Small-scale and pioneer 
operations may make use of manual methods, pick, shovel, wheelbarrow, 
cart, mine car and track. Systematic mining calls for the use of modern 
excavating and transportation machinery and methods. Excavation 
involves loosening and breaking by machinery or by drilling and blasting, 
loading, transportation, and dumping. 

Material handled in open-pit operations ranges from alluvials, hard- 
pans, clays, and shales up to hard rocks. Usually some preparation is 
required for alluvials, such as plowing, breaking by means of a rooter 
operated by tread tractor, or brush-clearing by a bulldozer. Drilling 
and blasting are a necessary preliminary for the harder rocks. Excava- 
tion sites are naturally drained or can be drained by ditches, pumps, or 
other means; some excavations are best handled by dredging. 

Excavation appliances fall into two groups, (1) excavators and loaders 
and (2) excavators, loaders, and transporters. Certain appliances can be 
called transporters and others unloaders. Special methods involve 
dredging, hydraulic mining, trenching, stock-piling, and reclamation, 
and appliances have been more or less standardized for these. 

Excavators and Loaders.—These tools or machines are the power 
shovel, dragline excavator, continuous-bucket excavator, and locomotive 
crane and bucket. The power shovel excavates from the level upon which 
the machine stands to a bank height determined by the highest position of 
the bucket; it loads into cars, trucks, belt-conveyor hoppers, or other 
units. The dragline excavator digs below its level but can also carry a 
bank of moderate height; it can dig under water. The locomotive crane 
and bucket can excavate below the level and under water and can also 
excavate from stock piles of low height. Of the three the power shovel 
can handle large, coarse rock and can excavate tighter and more compact 
materials than can the others; the dragline excavator is more effective 
over a wider range of loose rock and alluvials than the locomotive crane 
and bucket, which is used in a more restricted capacity than the others. 

Power Shovel.—The modern power shovel is full-revolving, mounted 
on tread tractors and operated by electric motors, diesel engine, gasoline 
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Fig. 189.—Upper figure is a 5-yd. electric shovel; lower is a stripper or long-boom shovel. 
(Bucyrus-EHrie Co.) 
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engine, or less frequently by steam power. It is a mobile unit moving 
under its own power and handled by one operator. Its principal motions 
are the swing about its axis, the crowding or thrusting action of the dipper 
as it takes its load, the lifting action as the dipper cuts into the bank, the 
final swing to dumping position, and the opening of the dipper door to 
discharge the contents of the dipper. The dipper is provided with a 
cutting edge and with teeth for tearing and cutting into the bank and for 
handling coarse loose rock. Figure 189 illustrates a medium-sized 
shovel and a large stripper. 

Small power shovels range from 3¢ cu. yd. dipper capacity up to 34, 
1, 144, and 2 cu. yd.; large, heavy shovels from 2 to 5 cu. yd.; and very 
farge from 8 cu. yd. up to the maximum size of 35 cu. yd. dipper capacity. 
The very large shovels are used in coal stripping. The small shovels are 
used in small clay, industrial mineral deposits, gravel, road building, and 
auxiliary service about large open pits. The large shovels are used in 
iron-ore and copper-ore open pits. 

The 34-yd. shovel has a travel speed of 0.9 m.p.h., a swing speed of 
4 to 5 r.p.m., a bail speed of 90 ft. per min., and an 84-hp. engine. Its 
maximum cutting height is 25.5 ft., maximum cutting radius 25 ft., and 
maximum dumping height 18 ft. It weighs 21 tons. The 5-yd. shovel 
has a boom length of 35 ft., dipper handle 22 ft., maximum dumping 
height 19.75 ft., maximum dumping radius 40 ft., maximum cutting radius 
46 ft., digging depth below grade 9.5 ft. Power is provided by Ward- 
Leonard electrical equipment with a 275-hp. induction motor; the pro- 
pelling speed is 0.9 m.p.h. and the weight is 172 tons. A 32-yd. stripping 
shovel has a boom length of 102.5 ft., dipper handle 69 ft., boom angle 
47.5 deg., maximum dumping height 76 ft., maximum dumping radius 
110 ft., cutting height 89.75 ft., maximum cutting radius 119.75 ft., and 
cleanup radius 63 ft.; Ward-Leonard electrical equipment with a 1,100-hp. 
induction motor; working weight, 1,550 tons. All the foregoing shovels 
are equipped with tread tractors. 

Shovel capacity depends upon material handled and bank, loading, 
and transporting conditions. The present tendency in design is to 
increase power relative to dipper size, thus giving greater speed in swing- 
ing, crowding, and hoisting. A 5-yd. shovel may be equipped with a 4-, 
4.5-, or 5-cu. yd. dipper; the harder the digging, the smaller the bucket. 
In loading iron ore upon the Mesabi, electric shovels give average and 
maximum loading rates per 8-hr. shift as follows: 134-yd., 1,600-3,000 long 
tons; 3-yd., 2,500—-5,000; 4-yd., 4,000—5,000 long tons, with power con- 
sumption ranging from 0.2 to 0.33 kw.-hr. per long ton. In loading loose 
broken rock, only about 75 per cent or less of dipper volume may be used, 
whereas with much fine material up to 90 or more per cent may be used. 
A shovel may complete three cycles a minute in easy digging, and not 
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complete one in hard digging. The shovel operator’s skill is another 
factor. A factor of 65 per cent theoretical capacity is sometimes taken 
in estimating working capacity. At Morenci a 4.5-yd. shovel loads some 
5,000 tons per 8-hr. shift; at Copper Flat 4- or 4.5-yd. shovels load 5,800 
tons per shift. In small operations only a fractional part of shovel capa- 
city is utilized, but in large, well-planned operations shovel capacity may 
considerably exceed 65 per cent of theoretical capacity. 


Fie. 190.—Dragline—showing pit and dump. (Page Eng. Co.) 


_ Dragline Excavators.—The dragline excavator was developed by 
John W. Page in 1903 and the Page bucket was patented in 1904. The 
full revolving steel frame-and-boom dragline was brought out in 1906 and 
the walking dragline in 1912; in the latter year internal-combustion 
engines were used for motive power. Since then the dragline (Fig. 190) 
has been improved, and electric, diesel, and gasoline engine units are 
used as conditions require. Bucket capacities up to 25 cu, yd. (weight 
35 tons—plus load 65 tons) and booms up to 250 ft. in length represent the 
extreme in size. The boom is mounted on a heavy steel frame that can 
be rotated 360 deg. The boom angle can be adjusted to digging condi- 
tions. The bucket is operated by two lines, one for hoisting and the 
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other for pulling the bucket into its cut and loading it; slacking off on this 
line dumps the bucket. . The revolving frame is mounted upon a large 
steel drum that gives stability. The walking arrangement consists of 
steel pads or shoes on the sides of the revolving frame. These pads are 
connected to vertical frames operated by large-throw cranks carried by a 
shaft rotated by a large-diameter gear wheel. Steps 6 ft. in length are 
made at the rate of three per minute, giving a speed of about 1,000 ft. per 
hour. 


Fig. 191.—Digging action of dragline bucket 2, 3, and 4; lifting of bucket 5 and discharge 
position 1. (Page Eng. Co.) 


Buckets vary in weight to suit digging conditions; heavier buckets 
with the weight concentrated close to the cutting edges are required for 
hard as compared to easy digging. For example, the 3!4-cu. yd. bucket 
is made in three weights, 6,000 lb., 7,100 lb., and 8,000 lb., and even 
heavier buckets are made for tight digging. The bucket action is shown 
in Fig. 191. Manganese steel is used for teeth, cutting edges, and bucket 
bottoms and sides, 

The foregoing description applies to the Page dragline. As 
the mechanical design of the power shovel is similar, manu- 
facturers of power shovels also manufacture draglines. To convert a 
power shovel into a dragline requires the attachment of the dragline boom 
in place of the shovel boom, a change in gears and hoisting drums, and a 


410 ELEMENTS OF MINING 


fairlead for the digging cable. The tread-tractor mounting is equally 
applicable to the dragline. Designs of walkers other than the Page are 
alsoin use. The weight of a 414-cu. yd., 60-ft. boom dragline is 140 tons; 
the same machine with a 100-ft. boom will handle a 1.75-cu. yd. bucket. 
A Marion walker dragline, 5-cu. yd. bucket and 100-ft. boom, has a work- 
ing weight of 184 tons; a Bucyrus-Monighan walker, 7-cu. yd. bucket and 
200 ft. boom equipped with electric motor, has a working weight of 478.5 
tons; with diesel-engine equipment the weight is 510 tons. 

The dragline is a versatile machine. It will dig noncoherent and 
well-fragmented blasted material but not coarsely broken or compact 
materials. Its digging range is 100 ft. below the fairlead and 50 ft. 
above it. It is a high stacker, depending upon the length and inclination 
of the boom. It will excavate below water. Short-boom draglines are 
used for loaders for trucks and cars. Long-boom draglines are used in 
coal stripping, overburden excavation,in soils, sands, glacial drift, and 
gravels, for sand and gravel pits, for ditches, channels, and levee building. 
Phosphate, placer, iron ore, and nonmetallic minerals are within its scope 
where the materials are of a suitable nature. 

Dragline capacity is dependent upon the machine size and type, the 
operator, and digging conditions. The smaller draglines operate on two 
cycles per minute; in submerged digging, as in many placer mines, 
buckets are only 75 per cent filled. Submerged digging is about 25 per 
cent less than dry digging because of bucket spill. Larger draglines and 
long-boom rigs operate on a longer cycle; one of 10 or 12 cu. yd. will have 
a cycle of 114 min. for a full swing all the way around; one of 8 cu. yd. on 
short-swing work may average a 40-sec. cycle; with a bucket that digs 
poorly the cycle may average 2 min. Moving speeds for walkers are 800 
to 1,300 ft. per hr. and for crawlers about 1 m.p.h. for the 34- to 1-cu. yd., 
60-ft. boom machines. Shallow digging and low banks require frequent 
moves, which cut down digging time; short swings against full swings give 
greater capacity. In coal stripping, a 9-cu. yd., 150-ft.-boom dragline 
gave 225,000 cu. yd. per month from a 20- to 35-ft. bank with a 45-ft. cut; 
a 12-yd., 185-ft. boom gave 450,000 cu. yd. per month on 50-ft. over- 


TABLE 88.—TIME CYcLE IN SEcONDS—90-pxEG. Swine 
(Bucyrus-Erie) 


Electric shovels Draglines Strippers 
Bucket capacity, cu. yd..| 3g | 34 .}214| 5 5 8 | 12-15 |17 |19 |21 35 
Boom lengihiwenn nse >. | os |. | .. 1100 /150 |175-200)90 195 195 
‘Dipperstickas doa. eer ete a Pee tel ek era |e uel tier ake oc 6714/6114 |5616 
Hasy digging: ........0. 15 | 18 | 20 | 20 | 43 | 55 55 42\45 |50 45 
Medium digging........ 18 | 20 | 22 | 22 | 48 | 60 60 45/48 [53 48 
Hig nouGig ein yaa ania 24 | 26 | 26 | 28 | 53 | 66 68 50/53 [54 | 54 
ee es eee a ell ee le 


OPEN-PIT MINING 411 


burden. A 5-yd. handles approximately 2,200 cu. yd. per shift; an 8-yd., 
3,000; and a 10-yd., 3,600. The foregoing figures aré only examples; 
precise knowledge of digging conditions is necessary for accurately 
estimating dragline capacities. 

Power Equipment.—Large shovels and draglines require special 
equipment for electrical operation. Variable voltage d-c apparatus or 
Ward-Leonard control is in general use. There are design variations 
but the general arrangements are much the same. Power is taken by 
trailing cables of special construction at voltages of 2,300 to 4,000 a-c. 
This is delivered to a synchronous or a-c motor, which in the case of the 
shovel is direct-connected to three d-c generators, one providing current 
_ for the hoist motor, another for the crowd or thrust, and the third for the 
motor or motors operating the swing. A fourth generator, motor-driven 
or V-belt drive, supplies excitation current to both generators and 
motors. Stalling of hoist and thrust motors with resultant large current 
volume and heating necessitates control apparatus for these normal 
contingencies. 

Both generators and motors are of the heavy mill type with insulation 
designed to stand relatively high operating temperatures. D-c motors 
give maximum torque at the stalling point, and as speed increases torque 
decreases. Resistors are used for regulating field currents in generators 
and motors. Shunt-wound motors permit of regenerative breaking. 
Three master switches operate contactors which vary the strength and 
direction of the ‘generator fields, controlling the amount of current gen- 
erated and applied to each motor, and which also vary the motor fields, 
giving flexibility of operation. Thrust, hoist, and swing are controlled by 
these switches. Another method of hookup is the Amplidyne control, 
which when applied to thrust, hoist, and swing motors reduces the size 
and rating of switches, resistors, capacitors, and transformers and results 
in better functioning of all motors. Overpower and underpower peaks 
are reduced so that there is a smaller spread between the demand curve 
and the response curve. 

The gasoline- or diesel-engine shovel is equipped with a single engine 
that operates the crowd, swing, and hoist through the medium of well- 
designed clutches. A roller chain connects the engine and transmission or 
gear train to the vertical swing shaft, the vertical propelling shaft, and the 
drum shaft; sprocket chains connect with the thrust or crowd drum, which 
operates the wire ropes effecting thrust and retraction of the dipper stick. 
Manually operated band brakes control all movements. 

Locomotive Cranes.—These are mobile units used with tracks or 
equipped with tread tractors. The design follows closely that of the 
power shovel. Stacking height and radius of operation are determined 
by boom length and angle. Buckets of many designs can be used, clam- 
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shell, orange-peel, Hulett excavating bucket, Brownhoist grab bucket, 
and others in various sizes. Such cranes are important auxiliaries in 
open-pit mining, where they are used in track shifting, stock-pile reclama- 
tion, unloading, and construction work. With suitable buckete quip- 
ment the unit can excavate below the level upon which it stands. As an 
excavator its range is limited to soft materials, gravels, muds, and under- 
water material of like nature. It is used for unloading barges and cars. 

Continuous-bucket Excavators and Loaders.—Machines of this 
classification have been used in great variety for excavating work, but 
being specialized they lack the versatility of the machines already 
described. Two general designs have appeared, one for digging and 
loading out a bank extending above the level of the machine, the other 
for a bank below its level and at one side. Both take a longitudinal 
slice along the bank. The excavator is mounted upon trucks carried 
upon tracks that parallel the bank face. Both types consist of a ladder 
or structural frame with tumblers carrying a chain of buckets. The 
buckets are drawn against the bank face, scraping out their load, and at 
the same time the whole machine travels slowly along the face; the 
buckets are then dumped at the tumbler into a hopper that discharges 
into the cars beneath. The machine is designed for a given situation, 
being limited to noncoherent or only slightly consolidated material. It 
is used in stripping coal deposits and is more often seen in Europe than in 
the United States. The continuous-bucket loader mounted on tread 
tractors is a mobile loader similar to the foregoing in mechanical principle, 
but it is used only for loading sand and small-sized broken rocks into 
cars or trucks. ‘Trench diggers are also similar in principle to this 
connected- or continuous-bucket excavator. 

The elevating grader with disk plow, inclined belt conveyor, diesel 
engine, steel frame, and four wheels is drawn by a tread tractor and is 
used for excavating and for loading trucks. The largest machine of 
this type weighs 10 tons. Its 48-in. belt conveyor, which can be raised 
and lowered to loading height, is effective in stripping thin overburdens of 
relatively soft materials. 

Power Scraper Excavator-loader-transporter.—The pioneer of this 
type is the horse-drawn scraper, manually operated. The fresno and 
then the two-wheel fresno next appeared. Long after, the Le Tourneau 
Carryall, a four-wheel rubber-tired scraper, tread-tractor drawn, revolu- 
tionized shallow excavating in soft ground. Table 89 gives sizes of power 
scrapers. Next the rooter, a heavy multiple-breaking plow of simple 
design, extended the range of the power scraper to harder and more 
compact materials. The large-diameter rubber tires with which the 
Le Tourneau scraper (R. G. Le Tourneau) is equipped and the tread 
tractor or caterpillar used for hauling it contributed largely to the success 
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of this scraper unit. The Tournapull is a four-wheel bowl scraper 
equipped with its own engine but requiring a pusher tread tractor when 
being loaded. An 11-yd. Tournapull is equipped with a 98-hp. engine, 
and a 15-yd. with a 150-hp. engine. The maximum speed is 14.3 m.p.h. 
Transportation is speeded up with this unit. 


TaBLE 89.—TREAD-TRACTOR-DRAWN SCRAPERS 


Capacity, cu. yd. 
Make Blade Depth Weight, | Length, | Width, 
width, cut, in. tons ft. ft. 
ft. Struck | Heaped 
La Plante Choate: 
CANIN Es hese 3.1 8 2.9 3.8 3.86 | 13.3 7.8 
2-wheel{ C61......... 3.8 916 4.1 5.5 4.04 | 13.3 8.8 
C71 5.0 94 6.5 8.2 6.04 | 15.6 10.6 
C74 8.0 14 9.5 12.0 8.6 27.0 10.0 
4-wheel; C86......... 9.0 18 15.3 19 12.0 31.6 11.5 
C104 9.0 18 25.0 33 19.4 39.6 11.5 
Le Tourneau: 
INTO lee olen ea toca ae re 10.0 33.3 45 22.5 
RRO oA aera ac Re A 10.0 23.0 30 18.4 42.0 11.6 
IEA 10.0 tee: Ie stl 23 14.3 
1 CLD) icicle ie ocean IR ae 8.5 12 15.0 19 12.9 35.0 LOW! 
1 bi) Be ae pont = ortega rae mire 8.5 8 11942 ib 15 9.8 Sl 10.1 


Norr.—Depth of cut, which is adjustable, is shown at the maximum. 


The scraper skims its load, forcing it into the bowl, which is lifted 
clear from the ground when full and then transported to the place of 
disposal, ejection of its contents being accomplished by a movable tail 
gate; operations of loading, lifting of the bowl, and ejection of its load are 
cable-controlled by the operator of the tractor. Such scrapers up to 33 
cu. yd. heaped capacity arein use. Transportation distance ranges up to 
round trips of 6,000 ft., although the capacity of the unit is greatly 
diminished at such distances. It is best used for short hauls, 800 to 2,400 
ft. Maximum tread-tractor speeds are 4.9 m.p.h. with drawbar pull of 
7,995 lb.; six speeds are available, the first being 1.6 m.p.h. with a draw- 
bar. pull of 26,208 lb. (D-8 Caterpillar). The D-7 Caterpillar has five 
speeds, ranging from 1.14 up to 6 m.p.h. 

Following the Le Tourneau-scraper many other similar units have 
appeared, among them the tractor-operated two-wheel scrapers, con- 
trolled by rope or hydraulic cylinder, in both front- and rear-dump types. 
These scraper units havefound application in stripping operations. They 
are efficient diggers in sand, alluvials, and the softer hardpans and shales 
where rooters can be used to prepare the material for scraping. The 
success of the power-drawn wheeled scraper lies in its rapid loading. At 
141 ft. per min. the smaller scrapers operating at a cut of 6-in. depth can 
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load in 14 to 34 min.; the larger sizes in }4 tol min. The largest (Carri- 
mor) have a width of cut of 10 ft. and a depth of cut adjustable up to 18 
in. With the deeper cuts loading time is correspondingly lowered. 

Wire-rope-operated scrapers and buckets have been utilized in mining 
operations for many years. Usually a three-drum hoist is used, one 
drum for the pull-in rope and the others for tail-rope operation. By the 
use of two tail ropes a fan-shaped area can be focused upon the loading 
ramp. The hoist is placed close to the loading hopper and the scraper . 
ramp leading thereto. Tail ropes are carried by sheaves that can be 
moved to new positions. Operating distances are short, 500 to 1,000 ft. 
Loading is into truck or car by overhead hopper. Such scraper arrange- 
ments have been used in placer operation, for stripping overburden, and 
for excavating clay where it is not too compact. Only readily excavated 
materials can be handled, though preparation by a breaking plow may 
extend its scope. 

The cableway type of power scraper appears in several forms. The 
simplest is a two-rope system in which the pullback or tail cable is sup- 
ported by towers and the bucket is some form of the bottomless scraper 
with cutting edge and teeth like the slusher. A two-drum hoist is used. 
The head tower gives sufficient height to serve the loading hopper. With 
a movable tail tower a fan-shaped area is served; when both towers are 
movable a rectangular area may be covered. In the gravity-return 
scraper rig, a track cable (slack line) is supported by two towers on either 
side of the excavation. The head tower is of such a height as to provide 
for the return by gravity of the bucket attached to its carrier from its 
discharge to its digging position. A radial coverage is secured by a 
movable tailtower. The rig digs, transports, elevates, and dumps into a 
loading hopper or waste pile. A .two-drum hoist provides for tensioning 
the track cable and handling the pull-in rope. A stop button on the track 
cable establishes the dumping position. The span served ranges from 
200 to 1,200 ft.; digging speed is 200 ft. per min. and inhaul speed 600 ft. 
per min. Power is electric motor, diesel, or gasoline engine. The 
buckets, ranging up to 3!4 cu. yd. or larger, are equipped with digging 
teeth and are similar to the dragline bucket. Power consumption, 
according to H. A. Roe, ranges from 0.6 kw.-hr. per ton for a 200-ft. 
haul up to 1.7 kw.-hr. per ton for an 800-ft. haul. 

Bulldozer.—The bulldozer is widely used for many purposes about 
open pit, quarry, and mine plant. It consists of a tread tractor upon 
which is mounted a broad blade which can be raised and lowered and 
which can cut a wide swath in front of the tractor. The bulldozer 
pushes and crowds the earth pile ahead. It is invaluable in clearing 
brush and surface rubbish and can also excavate and move lighter allu- 
vials and earth. Small-scale stripping in placer operations, clearing out- 
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crops in prospecting, foundation excavation, road construction and 
road clearing in open-pit mining, and waste-rock-pile leveling are among 
its uses. By means of a ramp and hopper it can be used as a loader. 
Various attachments have been devised, among which is a bucket that 
converts the tractor into a mobile digger and loader. The Athey stock- 
pile loader, used in car loading, is a tractor-bucket combination. 
Transportation.—Short haul transportation is by car, wagon, and 
light autotruck in small-scale operations. For medium-scale operations 
limited to several miles, the heavy truck and the tread tractor with 
trailer find wider and wider applications in mining. The tread tractor 
is a form of road locomotive operable over rough roads and is a part of 


TABLE 90.—CATERPILLAR TRACTOR SIZES 


Details D8 D7 D6 D4 
Wisi ght atone: 4 dae wel nrtierr asm Ke ae 17.08 11.95 8.32 5.12 
ID rash eaves) hoe. 5S eepael cee eee rae inal 113 80 55 35 
INOMSDECUS Bite ck SRE eek ten ea. 6 5 5 5 

. Minimum speed, m.p.h............. 1.6 1.4 1.4 Le? 
Drawbar pull, at minimum, lb...... 26,208 21,351 14,300 7,852 

Maximum speed, m.p.h............ 4.9 6.0 5.8 5.4 
Drawbar pull, at maximum, lb...... 7,995 4,550 2,650 2,230 
Mreads gage. silintuewee ran... Mop ceria’ 78 74 74-60 60-44. 


the equipment of most open-pit mines, placers, and mine plants. Table 
90 gives sizes and weights. In combination with the Athey trailer, 
equipped with. forged-track wheels, it is used for short open-pit hauls. 
Both bottom-dump and two-way side-dump trailers are supplied in 
capacities from 11 to 16 cu. yd.; loading height 6 to 7 ft.; gage 74 to 78 in.; 
turning radius 12.5 to 17 ft.; and weight 8.8 to 14.5 tons. Maximum 
tractor speed is 5.9 m.h.p. 

For medium-length hauls and open-pit capacities from 1,000 to 5,000 
tons output per day, motor trucks are used where road surfaces can be 
maintained. These are availablein great variety, ranging from 5 to 40 tons 
in capacity. Figure 192 shows a truck design used by open-pit mines. 
Trucks are operable over adverse grades up to 14 per cent and have 
proved to be so versatile that they have displaced track and train trans- 
portation in numerous open-pit operations and in coal strip pits. Track- 
less pits are now common, especially where open pits are deep and 
restricted in area. More cheaply constructed pit approaches are possible 
with truck operation. 

End-dumping, side-dumping, and bottom-dumping trucks are availa- 
ble. Truck bodies are made of steel, usually high-tensile, and weight 
is reduced by careful design. Tilting is by hydraulic cylinder and ram, 
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but where trucks are dumped at a fixed place an auxiliary hoist placed 
above the dumping position is sometimes used for tilting. End-dumping 
bodies are made scoop-shaped to avoid end gates. At the Mahnomen 
mine, trucks have the following specifications: Four wheels, with 13.5- 
by 24-in. dual tires on rear and 12- by 24-in. tires on front wheels; gross 
load capacity 62,000 Ib.; pay load 36,000 lb.; rear-dump scoop-shaped 
body of 9-yd. level capacity, raised and lowered by a double-acting 
hydraulic cylinder; 185-hp. oil-burning engine; eight forward speeds from 
3.3 to 31.4 m.p.h.; fluid coupling between engine and single-plate clutch; 
air brakes and usual auxiliaries. The cab is offset to left to give better 
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Fig. 192.—Type of truck used in some open-pit mines. (Eng. Min. Jour.) 


vision in packing: the small wheel base is an advantage in pit operation. 
At Morenci, 2214-yd. trucks, diesel engine, pay load 33 tons, six wheels 
with dual 13.5 by 24-in. tires on rear, were used in early pit devalopniets 
and gave costs of 6.1 cents per ton-mile over average hauls of 0.6 mile; 
truck units cost $35 per shift for fuel, operation, repairs, and supplies, and 
tire wear exceeded 12,000 miles. Poor road surfaces and abrasive 
material in the pit materially increase tire wear. 

For long hauls and large tonnage, track and train equipment has 
been a feature of pit operations for many years. Steam locomotives, 
which are limited to adverse grades of 3 to 4 per cent, are being displaced 
by electric locomotives and diesel electrics that can operate on adverse 
grades up to 8 or 10 per cent, although such grades are avoided where 
possible. Larry cars and trailer cars are used to some extent and have 
weight advantages over the electric locomotive. The larry car is 
equipped with electric motors and thus there is a saving in gross loads as 
compared with equivalent capacity in electric locomotive and cars. An 
interesting application is the Woodford third-rail automatic control 
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system. Each car is equipped with d-c motors that provide for regenera- 
tive braking control on downgrades. The movement of individual cars 
is remote-controlled. ‘The system has been successfully applied at some 
iron-ore pits and limestone quarries. Standard-gage track with heavy 
rails on main approaches and lighter rails on benches is installed in open 
pits where train haulage is in use. Hopper-bottom and box-type cars 
for rotary dump are usual equipment. Ore cars are from 60 to 100 tons 
capacity. They are taken to the pit benches, loaded by power shovel, 


Tr,= Loading time in hours plus delays 

T= Emptying time in hours plus delays 

D = Distance in miles 

2D= Round trip in ries 

S = Average speed-both oe -niles per hour 
Timme-one trip = Tr + Tq + 22 


Capacity / hour= —__—/______ x Jofa/ oad 
eee T+ + 2 per unit 


Curves show only units per hour 
over round trip at MWerAGE « speed 


Distance, miles 


Fre. 193.—Chart showing relation between units per hour, distance, average speed; 
‘equation for capacity is also given. 


and then hauled to the train yards. Modern cars are made of high- 
tensile steel and are of lighter weight than older cars; for example, a 75- 
ton car weighs 52,500 lb. as against 84,500 lb. for the older type. In 
stripping operations, 20-, 30-, and 40-yd. cars of the side-dump, com- 
pressed-air-operated type are widely used in copper and iron open-pit 
operations. 

Time to load, to transport, and to dump and the capacity of the 
vehicle are important factors determining over-all capacity in stripping 
and ore mining. Distance and the average speed for loaded and return 
trips determine transportation time. Outward speeds are frequently 
limited by adverse grades and are usually lower than for return trips when 
grades may be favorable. The relation between distance hauled and 
average m.p.h. for loaded and empty trips is shown in Fig. 193. The 
simple equation given in the figure enables capacity per hour to be 


418 ELEMENTS OF MINING 


calculated when loading and dumping time, distance, and average speeds 
are known. A unit may be a car, truck, or train, with time factors to 
correspond. A study of the curves will show why distances over which 
stripping and ore are hauled are kept to a minimum and why speeds as 
high as practicable are employed. It will also indicate that where 
distance is relatively great, the size of units (car, truck, or train) selected 
should be large where tonnage must be moved. An increase in the size of 
a unit increases its first cost and calls for heavier locomotive equipment at 
increased cost. The number of units to serve a shovel depends upon the 
loading capacity of the shovel and the capacity of units to keep it fully 
employed; the number of trains to serve a pit depends upon the shift 
tonnage to be mined and the capacity of the trains. Sufficient excess 
units are necessary to provide for servicing trucks and for contingencies 
and delays when trains are used. Train schedules with passing points are 
systematically made out where a number of trains are employed and 
the distances are more than nominal. 

In ‘‘stream-flow”’ transportation, by belt conveyor or by water in 
pipe, ditch, or flume, loading and dumping time disappear and trans- 
portation time is a function of belt speed or, in the case of water, of 
velocity and grade. Capacity with belt conveyors is the product of 
load per foot and velocity, or feet per minute; with water flow, of the 
proportion of solids per cubic foot and the total flow in cubic feet per 
minute. 

Dumping.—Various methods for the dumping of transportation units 
areinuse. ‘Trucks are usually end-dumping, the body of the truck being 
raised by hydraulic cylinder and ram. To avoid end doors on trucks the 
truck body is made scoop-shaped. The side-dumping spoil car has dis- 
placed most other types. Box-body ore cars that require rotary dump are 
‘ being displaced by cars of the side-dumping type similar to the spoil car. 
Bottom-dump gondolas are standard railroad equipment and are used 
in the Mesabi open pits. Bottom-dump trucks and trailers are also 
used, but the end-dump type is more popular. 

Special Methods of Excavation.—Subaqueous excavation is a feature 
of gold dredging. The continuous-bucket dredge used for this purpose 
will be described in the chapter on Alluvial Mining. Dredges of this 
type have been used in gravel and sand pits. The hydraulic dredge 
has been used in gravel and sand pits. A form of dredge using the 
hydraulic elevator idea has also been used for sand and gravel operations. 
The bucket dredge has been used in phosphate rock mining. Hydraulic 
excavation by means of a stream of water under high pressure has been 
used in coal stripping, nonmetallic mineral stripping, and phosphate 
rock mining. It is widely used in placer operations. In connection with 
hydraulic stripping, dredge pumps are used to drain strip-pit sumps and 
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carry excavated material suspended in water through pipes to disposal 
points. 

A classification into six groups of materials is made near the beginning 
of this chapter. Methods applicable to these are as follows: Class Ia, all 
excavator-loaders and excavator-loader-transporters; Class Ib may 
involve the same equipment, but where water is excessive and cannot be 
drained, the dragline excavator, locomotive crane and bucket, wire- 
rope-operated scrapers and buckets, and the dredges of various types are 
used; Class IT can be handled by power shovels, dragline excavators, and, 
under favorable conditions, by scrapers and wire-rope scraper rigs; 
Class ITI is best handled by power shovels, but after more or less blasting 
the dragline excavator is adequate, and after preparation by scarifiers 
and rooters, scrapers of the Le Tourneau type may be successfully used; 
Class IV must be drilled and blasted and can then be handled by shovel, 
though the softer materials can sometimes be handled by dragline 
excavator; Classes V and VI must be thoroughly drilled and blasted 
before being handled by power shovels. Hydraulic excavation is appli- 
cable to Classes I and II and sometimes to Class III when the material 
is not too compact. However, before selection of digging, loading, 
and transportation equipment and methods of operation, studies of the 
materials they are proposed to handle must be carefully made, and often 
borings are necessary to determine the variations in the physical nature 
of the material. The area and the depth—maximum, minimum, and 
average—also are involved in the selection of equipment, as some tools 
are more efficient in thin, sheetlike deposits and others in thick deposits 
admitting of high banks. 


OPEN-PIT MINING 

Application.—Open-pit mining is applicable in copper, iron, coal, 
industrial minerals, limestone, rock, gravel, and sand and toa lesser extent 
in gold, silver, lead, zinc, and other deposits. Utah Copper, Copper Flat, 
New Cornelia, Morenci, Chino, and Chuquicamata are great open-pit 
copper mines. Out of 230 iron mines, 49,591,309 gross tons were pro- 
duced by open-pit mines in 1940, as compared to 24,104,590 gross tons 
by underground mines. In 1938, 465 strip pits produced 30,406,855 tons 
of coal. 

Where general conditions indicate pit methods, a topographical 
survey is a necessary preliminary, as are test pitting and boring to deter- 
mine the limits and thickness of the deposit, its value, and the thickness 
and amount of overburden. Drainage cenditions and the physical nature 
of the materials and enclosing rocks are closely studied. From these the 
layout of the pit and the mining and transportation equipment necessary 
are approximated sufficiently to enable cost comparisons of several 
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operational methods to be made. The access point to railhead or road, 
drainage, pit approaches, disposal of waste and overburden, drilling, 
blasting, loading, and transportation are considered separately in relation 
to the general plan. 

Topography.—Most open pits are in flat or rolling topography of 
moderate accentuation; some, however, are in rugged country or on hill 
or mountain slopes; many have natural drainage but others become 
sumps. Shallow pits are 50 to 100 ft. in. depth, deep pits, 100 to 200 ft., 
and very deep pits, 200 to 500 ft. The support of the enclosing walls is a 
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Fie. 194.—Sectional view of ore deposit. 


problem in the deep pits. The thickness of the deposit and its environ- 
ment of surrounding hills or ground masses and their rock character 
determine how great a quantity of marginal material must be removed to 
secure stable slopes (see Fig. 194). The ratio of total overburden and 
marginal rock to total tonnage of valuable mineral is a vital element in 
cost. Too great a proportion of waste may result in prohibitive costs per 
ton of marketable mineral. 

Scale of Operations.—Small operations may be on the scale of 100 
tons of mineral product per day; large operations from 1,000 to 5,000 tons 
per day, and very large in excess of 10,000 tons per day. Utah Copper 
produced in excess of 100,000 tons per day and excavated waste rock to 
40,000 tons per day; Mesabi iron pits range from 1,500 to 50,000 tons per 
day during the seasonal operation. Limestone pits range from 500 to 
5,000 tons per day; clay pits, from 50 to 200 tons or more. The move- 
ment of large daily tonnages presupposes good engineering and well- 
selected equipment. 
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Initial Operations.—Open-pit operations begin with the removal of 
the burden over the area where mining is to start. Stripping may begin 
1 or 2 years before mining becomes practicable. Pit and stripping 
approaches are constructed. Both overburden and mineral mining 
begin from the top downward in successive horizontal slices (benches) 
until the bottom has been reached, or until it is no longer practicable to 
continue open pitting. The walls may be a menace in deep pits. On the 
other hand, coal strip pits are usually shallow; stripping and mining are 
carried on simultaneously, the stripping shovel being sufficiently in 
advance of mining or coal loading so as not to interfere. Stripping is 
deposited in the previously mined cut as backfill. 

Thick overburdens and thick deposits, sometimes characteristic of 
copper and iron pits, require numerous slices or benches, many of which 
may be worked simultaneously. Backfilling is seldom possible. 

Construction of shops, power plant, supply buildings, and living 
quarters, as well as railroad or road approaches, is a necessary pre- 
liminary. Initial equipment for stripping is first installed. While 
stripping is proceeding, ore-mining approaches are prepared for the first 
mining slice, transportation and power facilities and bench tracks are 
installed, and equipment is assembled. 

Pit Approaches.—A thick deposit with a thick overburden may 
occupy a hill top or ridge, it may be along a hill or mountain slope, or it 
may be beneath a plain or moderate slope. In the first two cases, 
benches in overburden and in mineral are reached by switchback systems 
where tracks are to be used or by road grades where truck transportation 
is favored. Benches are developed along contours by small power 
shovels and bulldozers until sufficient width has been obtained for heavier 
equipment to be installed and tracks to be laid to waste-disposal dumps. 


TaBLE 91 
Grade, per cent; length of approach, ft. 
Vertical depth, ft. ; ——— -— - 
2 4 6 8 20 
10 500 250 166 125 50 
20 1,000 500 333 250, 100 
30 ‘ 1,500 750 500 375 150 
40 2,000 1,000 666 500 200 
50 2,500 1,250 833 625 250 
60 3,000 1,500 1,000 750 300 
Approx. quantity excav., cu. 
yd., for 60-ft. depth.........| 450,000 | 225,000 | 149,850 | 112,500 | 45,000 


i 


A flat site necessitates an approach with adverse grades. Such 
approaches may be a railroad grade, an incline of 20 deg. with hoist or 
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belt-conveyor equipment, or a roadway, depending on the grade required. 
Railroad grades are extended downwards as a box, drop, or pioneer cut, 
until the first mineral slice or bench has been reached, when they are 
extended through on a level, assuming that sufficient stripping has been 
accomplished to make this feasible. Successive slices are reached by 
extending the grade, often within the pit. Grade approaches (see Table 
91) must begin at a considerable distance away from the pit where great 
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( b) Use of Incline and Hoist 
Fia. 195.—(a) Switchback system; (b) incline and hoist. 


depth is necessary; they often involve much excavation. Separate 
overburden approaches are usually provided so as to separate the two 
operations, and such approaches are stemmed to the disposal dumps. 

In copper and iron-ore pits there is an important advantage in being 
able to take gondolas or large ore cars. into the pit for loading; conse- 
quently railroad-grade approaches are favored and maximum grades are 
kept as low as possible. In narrow, difficult pits (Fig. 195) the shaft with 
skip hoisting or the incline with hoist or belt-conveyor equipment is 
preferred. With the hoist installation, pit cars are hoisted up the incline 
and dumped into loading bins; with the conveyor equipment, a grizzly, 
crusher, and apron feeder are installed below the lowest position of the ore 
and are served by vertical transfers from the slice being mined, trucks or 
cars being dumped into the hopper of the transfer. At the top of the 
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incline the belt conveyor discharges upon the shuttle conveyor of the 
receiving bins, which are also loading bins. In skip hoisting, a short 
tunnel connects the pit floor with the shaft, and the pit cars are dumped 
into the skip-loading bins. Other difficult pits are shown in Fig. 196. 


=\ 


= 


Ira. 196.—(a) Access to open pit by shaft and crosscuts; (b). access to open pit by adit; 
(c) “‘milling system” of open-pit mining. 


The convenience of truck transportation and the ability of the 
truck to operate upon grades as high as 12 per cent or more have caused 
them to be adopted by many operators of pit mines of moderate output. 
Approaches are shorter than with rail equipment, much less excavation 
is required, and sharper curves can be used. 


‘ 
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Pit Layout.—Initial cuts in an ore slice are made along the longer 
axis of the ore mass. Because of the position of the ore mass, they may 
have to be placed on one side. As far as may be practicable, cuts are 
made straight so that loading tracks may be straight and connecting 
curves from approach tracks not too sharp. Several benches may be 
worked when operations on upper benches are kept sufficiently in advance 
of lower bench operations to cause no interference. Ramps connecting 
benches provide truck roads for service vehicles. Switchbacks are some- 
times placed in the pit to reach lower benches, preferably in unproductive 
parts of the pit sides. Trackage and haulage distances are kept to a 
minimum. 

The deeper pits require lower slopes and berms, both upon over- 
burden benches and ore benches. Contiguous earth masses are a factor 
in great open pits. The removal of immense tonnages from such pits 
unbalances earth masses and causes readjustment that may result 
in serious slumps in side walls. Such a slump took place in the upper 
benches of the Utah Copper pit some years ago. When side-wall slump- 
ing begins there is nothing much that can be done except to remove 
equipment and men and restrict mining to safer portions of the pit 
until the readjustment is completed. It is interesting to note that 
breaking becomes easier as mining of ore masses proceeds, probably 
because of the expansion resulting from removal of large amounts of 
overburden and ore. 

Bench Heights.—At one time benches were limited by drilling depth 
but the modern churn drill has removed such restrictions. A primary 
limitation is the shovel-digging height; bench heights in excess of this 
sometimes result in overhangs, which endanger shovel operation by 
caving. Overhangs seldom develop in most hard-rock pits but may occur 
where softer materials are excavated. The number of levels in a mine 
and the number of benches in an open pit have a similar economic 
relationship. Hach bench requires tracks or roads, which must be 
shifted as successive cuts are taken; and each bench must be drilled 
and blasted. The lower the bench height, the greater the number of 
drill setups, with a consequent increase in the handling of tools and 
explosives and more minor operations, as well as a greater number of 
moves in loading. In coal strip pits there is only the bench established 
by the thickness of the overburden above the coal seam and the thick- 
ness of the coal seam. The thickness of the deposit establishes bench 
height for many industrial mineral deposits. In iron mining, contiguous 
beds of iron ore of different quality are mined separately, and their 
thickness establishes bench height within limits of 20 to 40 ft., with 30 ft. 
favored. In copper mining, bench heights are from 30 to 70 ft., with 40 
to 50 ft. favored. The Morenci pit was planned with 50-ft. benches in 
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both stripping and ore. | In thick limestone deposits, benches up to 200 ft. 
may be mined. Bench width varies from 50 to 250 ft.; bank slopes range 
from 45 to 65 deg., the steeper slope being in hard rocks; berms may be of 
a width one-half of the bank height above. 

Box or Drop Cuts.—These are extended downgrade. They may be 
made by a single shovel cut by a large (8-yd.) power shovel with great 
swath and sufficient dumping height to load cars upon a track paralleling 
the cut and upon the level upon which the cut starts. Usually, however, 
they are made in several cuts, the first being made on a 2 per cent 
grade with loading out at the side into cars standing upon tracks on the 
bank above. When the loading height limit is reached the cut is contin- 
ued upon a level. On completion of the first cut, the tracks are shifted to 

the drop cut and the shovel takes out another cut of 7 or 12 ft., similar 
to the first but offset from it. The third drop cut is still further offset. 
The fourth cut is made close to the line of the initial cut and reaches 
bench height, or 48 ft. with the bench wall developed. The approach 
to the new bench is on a grade 2 per cent or steeper as circumstances 
require. 

Switchbacks, Roads, and Ramps.—Switchbacks are used to gain 
altitude or depth without sharp turns. The switchback is a series of 
grades requiring alternate advancing and backing of trains. Each grade 
is made as long as possible and terminates in a tail track of sufficient 
length to accommodate a train length; the successive elements of the 
switchback are upgraded in opposite directions, so that all the elements 
of the switchback cut across contours but are contiguous to each other. 
A switchback system with components of 1,000 ft. in length will gain 
40 ft. on a 4 per cent grade.on each component. To overcome an altitude 
of 400 ft. would require 10 components and 10,000 ft. plus trackage 
sufficient for nine tail tracks; its horizontal spread normal to the tracks 
would be about 400 ft. Tail tracks on grades adverse to loads are level 
or on reduced grade, but with grades favoring loads the tail tracks are 
upgraded to overcome train momentum and to give quick starts in the 
reverse direction. The site of the switchback is usually selected to 
command overburden benches, away from the ore body, but to gain 
lower benches switchbacks are sometimes placed in the pit on ore banks. 
Tail tracks connect with the bench tracks. A switchback system is laid 
out with respect to the benches to be served, needless to say. 

A similar system of grades is employed to gain or lose altitude by 
roads; but each component may be connected by curves, which are 
compensated and banked to give utmost truck control at such critical 
points. Curves are 40 to 50 ft. in radius or even less. 

Ramps are steep grades connecting benches in a pit, usually for auxil- 
iary truck service. Where they are used for truck service the grades 
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are often 12 to 14 per cent, or greater than those normal to the pit. 
Spiraling down in a pit (Fig. 197) involves a continous grade on ore banks 
left at the periphery of successive slices, thus necessarily restricting the 
minable area in the pit bottom as greater depth is attained. At the 
finish of normal pit operation, residual ore banks for grade purposes often 
contain considerable tonnage. They are mined by various methods, 
some requiring underground development. 


TRANSVERSE SECTION 


Fie. 197.—‘‘Spiraling”’ to an open-pit floor. 


Main-line tracks in approaches are constructed with 60- to 100- 
Ib. steel, ballasted. In large pits the main lines are double-tracked. 
Adverse grades are kept as low as possible, to 2 to 3 per cent, and curva- 
tures are from 15 to 30 deg. Lighter steel, 60 to 75 lb., is used on the 
benches. The foregoing data presuppose heavy train equipment. In 
very small pits where small cars and light equipment are used, 16- to 
20-lb. tracks in a radial track arrangement stemming out from the pit 
entrance were employed; the bench was developed as a circular wall with 
individual track heads normal to the wall and about 25 ft. or more apart. 
However, the increasing use of trucks and the small loading shovel has 
made tracks obsolete in such pits. 

Pit Operation—Mineral deposits and overburden that can be 
excavated without blasting are sliced in parallel cuts so as to maintain 
straight loading tracks, which are placed at the side of the cut in progress. 
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Bench heights are limited to shovel reach. On completion of a cut, 
loading tracks are shifted to a position for the next cut. When sufficient 
clearance has been secured on the first slice, preparations are made to 
drop cut into the next slice below. It is not always possible to maintain 
straight loading tracks, and curving benches are quite common in large 
pits. 

Blasting Practice.—There are many variations in bank blasting, 
but two major practices may be outlined. One involves occasional 
blasting of many churn-drill holes in a major blast with resultant tonnages 
to ensure a long period of loading operations; the other requires the peri- 
odic blasting of sufficient drill holes in a group to ensure steady loading 
operations over short periods. Major blasts are often used in initial 
development of pit benches but are usually avoided after benches have 
been well established. Chamber blasting is being rapidly superseded 
by churn-drill holes 7 to 10 in. in diameter with column charging. Deto- 
nation fuse (Primacord) is displacing electric blasting caps. Fragmenta- 
tion is obtained by higher power explosives and by closer spacing of drill 
holes. Overhangs are avoided by distributed charges, with some of the 
explosive placed nearer the top of the hole. The use of black powder has 
greatly diminished. Lox seems to be restricted to some strip-pit coal 
mining. Secondary blasting has been reduced in amount by the use of 
large-size crushers and better fragmentation. More or less secondary 
blasting is necessary in every open pit where blasting is practiced. 

On the Mesabi, explosive ratios in open-pit mines range from 4 up to 
15 long tons per-lb., with powder grades from 25 to 60 per cent in cham- 
bering and 25 to 40 per cent for main blasts, the higher grade being 
used in rock and the lower in ore. In open-pit copper mines ratios 
are from 4 to 8.5 tons per lb.; powder grades are 40 to 60 per cent for 
chambering and 30 to 65 per cent for main blasts. Drilling and blasting 
costs from 2 to 4 cents per long ton in iron mines; from 3 to 14 cents per 
ton in copper pits. 

In blasting, which ranges all the way from light blasting to shake up 
the ground in advance of loading to heavy blasting with special attention 
to good fragmentation, each cut is drilled and blasted sufficiently in 
advance of loading to maintain a bank of broken mineral or overburden, 
as the case may be. Sometimes an entire cut is blasted in advance of 
loading, the loading tracks having been removed. ‘The loading tracks 
are then replaced and the broken material is loaded out while another 
cut is being drilled. Loading tracks are handled by a track shifter, or 
by a locomotive crane that handles 33-ft. sections. The removal of load- 
ing tracks before blasting is common practice where much fly rock results 
from blasting. 

Churn drilling is used for primary blasts. In toe-holing benches 
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the air-hammer drilk on wagon mounting or tripod is favored. For 
secondary blasting, hand-held drills with detachable bits are standard. 
Portable air compressors make less necessary the maintenance of com- 
pressed-air pipe lines in the pit, although water pipes or water service 
trucks are necessary for drilling water. Auxiliary trucks serve churn and 


Fic. 198.—Utah Copper mine open pit. Total capping removed as waste rock was 
‘* 7,903,000,000 lb. to the end of 1944: The 


other drills and bring blasting supplies. Blasting, systematized and 
under one foreman, is at the end of shifts, and benches are made safe by 
trimming before loading begins. 

The number of loading units and the number of cuts in progress upon 
various benches are planned to maintain the desired tonnage output. 
At the Utah Copper pit (Fig. 198) there are 26 producing benches, each 
with its shovel and accessory equipment, the aggregate daily tonnage 
being 100,000 tons or more; at the New Cornelia pit 20,000 tons per day 
is produced from three or four benches. At the Utah Copper, trains 
consist of 12 100-ton cars and 14 80-ton cars drawn by 75-ton electric 
locomotives on 90-lb. rails, mine and dump tracks aggregating 84 miles; 
at New Cornelia trains consist of six 20-yd. cars or five 30-yd. cars drawn 
by 67-ton steam locomotives on maximum adverse grades of 2 per cent on 
70- and 90-lb. tracks, aggregating 15 miles in the pit and 7 miles outside. 
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In trackless pits where trucks are operated a similar program is 
followed but track shifting is replaced by road building, and loading - 
places are cleaned up by bulldozers after each truck has been loaded and 
before the empty is placed. Road surfaces are kept in good condition 
and road work displaces track work. In the transporting of sharp rock 


Bes 


AN 


527,000,000 tons; total ore mined was 458,000,000 tons, and total copper produced was 
picture was taken in 1944. (Utah Copper Co.) 


or highly abrasive materials much attention is required to minimize 
tire wear. 

Cars loaded are reported by trainmen. Periodic surveys are made 
of bench positions and are plotted on pit maps. Consumption of drill 
steel and weights and kinds of explosive are reported by shifts. Supplies 
to various units are reported periodically. The pit superintendent 
reports at intervals upon labor, labor distribution, supplies and repair 
parts, power consumption, and other details that give an economic 
picture of operations and enable cost control to be maintained. 

The mobility of large pit operations and the use of electrically operated 
shovels and churn drills as well as electric locomotives necessitates power 
distribution that can be moved as need arises. Power shovels are served 
by trailing cable (Fig. 199) as are churn drills. Cable outlets, power 
lines, and transformers are arranged to conform to bench operations with 


430 ELEMENTS OF MINING 


minimum power losses. Locomotives are also equipped with trailing 
cables so as to be independent of trolley operation when close to loading 
shovels. Storage-battery locomotives obviate the use of trolley poles 
or trailing cable on loading tracks. The diesel-electric locomotive 
obviates the use of all trolley poles. However, temporary trolley struc- 
tures serve satisfactorily on loading tracks, though at increased mainte- 
nance cost. At the Utah Copper pit; steel poles carry power lines and 
also brackets for the support of trolley lines; poles are carried upon steel 
skids so as to facilitate shifting to new positions. The combination 
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Fig. 199.—A 5-yd. shovel loading ore iniron mine. Note trailing power cable. (Bucyrus- 
Erie Co.) 
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storage-trolley type of locomotive is used at Morenci. Electric service 
is an important part of pit operations. 

Ore deposits vary in grade, and sampling indicates high and low 
grade areas. In pit operation efforts are made to maintain a uniform 
grade; to do this, shovels are moved and ore is taken from several benches 
in suitable proportions. Waste rock is often included, especially in the 
upper parts of the ore bodies, and provision must be made to take such 
waste rock out to disposal dumps. Sometimes waste rock can be back- 
filled in the pit when pit bottoms are reached. 

Overburden Operations.—Mining overburden follows much the same 
routine as ore mining. If it is great in quantity, both equipment and 
operations are engineered to obtain lowest costs. Waste-disposal tracks 
are laid out on level runs wherever possible to the waste dumps. Bench 
heights are established in accordance with the nature of the material. 
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Adverse grades are kept toa minimum. Waste dumps (Fig. 200) may be 
established on hillsides and afterward are built out by shifting dump tracks 
from time to time. Spreaders and bulldozers are used to maintain safe 
edges, together with side-dump cars of 20 to 30 yd. capacity, although in 
small operations 4- and 5-yd. cars are often used. Waste dumps estab- 
lished upon flat or moderate slopes are started by tracks supported upon 
trestles at such heights as to give adequate dumping space. After sucha 
dump is started, the pile is fanned out by shifting the tracks. Where 
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Fre. 200.—Waste dump on a flat site. 


trucks are used for transportation, roads to dump areas are prepared and 
maintained with adverse grades kept to a minimum. 

Broken material assumes a slope of about 35 deg. There is a distinct 
sorting action; large pieces roll to the bottom of the slope and fine material 
remains in the upper portions. Top edge areas are tender and may 
settle suddenly and unevenly, so that tracks must be kept away from 
extreme outer areas. Side-dump cars are discharged upon the top of the 
pile, while spreaders or dump plows push the spoil over the edge and 
clear the dumping space. Since waste dumps settle, much track work 
may be necessary. 

Drainage.—Natural drainage contiguous to the pit is by-passed by 
ditch or flume, and benches are ditched where topographical advantages 
occur. Intersection of the water table by the lower reaches of a pit 
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requires pump drainage. Sumps are constructed upon the lowest 
floor of the pit, and pumps and pipes are installed. In some cases drain- 
age shafts are sunk away from the pit and connected to it by crosscuts and 
drifts beneath the lowest ore level. Pumping units are installed in 
the shaft. Centrifugals or deep-well pumps, electrically operated, are 
the usual equipment, reserve capacity being installed to take care of 
seasonal variation in water inflow. Churn-drill holes connect benches 
with drifts. Drainage adits are constructed where topography is 
favorable. 

Costs of Open-pit Mining.—The removal of overburden in large 
amounts imposes a toll upon every ton of ore or mineral exposed by 
its removal. In one tabulation of open-pit iron mines, ratios of over- 
burden to ore are given over a range from 0.2 to 1.75 cu. yd. per ton of ore; 
in copper pits the range is from less than 1 ton of stripping up to 6 tons 
per ton of ore; at Morenci the ratio is 1 to 1 with an ore grade of 1.06 per 
cent copper. The cost of stripping accumulates until ore can be mined. 
Much of the equipment and accessories for operation involves large 
capital expenditures at the start of operations. 

At Morenci the sale of $20,000,000 in debentures provided initial 
capital for starting a 25,000-ton-per-day mining campaign on a 230,000,- 
000-ton ore body containing some 2,500,000 tons of copper. The over- 
burden was estimated at 230,000,000 tons. Initial capital approximated 
9 cents per ton of ore and $8 per ton of anticipitated copper; part of the 
capital went for power plant, roads, railroads, mine buildings, smelter, 
and housing. From financing in 1937 to the first milling operations in 
January, 1942, about 449 years elapsed, during which interest upon 
debentures reached $3,150,000. Time and money are thus required for 
the initiation of open-pit operations, whether large or small. 

Operating costs are another.story. In most pit operations labor 
output in tons per man-shift is large; in iron-ore pits it ranges from 25 to 
100 tons per man-shift for ore mining, and in copper pits from 32 to 58 
tons. These figures are for large operations; in small-scale pits much 
lower tonnage per man-shift may be expected. At Sulphur Banks quick- 
silver mine the output was 4.2 tons per man-shift. 

Power requirements in large pits are illustrated by the example of 
Utah Copper, where in October, 1929, stripping operations required 
1.45 kw.-hr. per cu. yd., ore mining 0.79 kw.-hr., and a total of 1.84 kw.-hr. 
per ton of ore. Direct costs in 1928 at Utah Copper are given by “A. 
Soderberg in respect to stripping: Drilling and blasting 6 cents, loading 
4.16 cents, transportation 7.45 cents, track work 7.1 cents, miscellaneous 
2.7 cents, and total 27.4 cents per cubic yard. For ore mining the respec- 
tive figures per ton were 2.72 cents, 1.9 cents, 3.7 cents, 1.7 cents, 1.8 
cents, and total 11.7 cents per ton. At New Cornelia direct mining costs 
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were 21 cents per ton (1930), at Chino 21 cents (1929), and at the United 
Verde 30.3 cents (1928); costs cover only drilling and blasting, loading, 
and transportation. Total mining costs were 41.2 cents per ton at Utah 
Copper (1929) ; 31.4 cents at Chino, and 24.2 cents at Copper Flat; costs 
include stripping charges. Average open-pit iron-ore mining costs in 
Minnesota are given by J. J. Craig as follows: Development 27.4 cents, 
mining labor 12.4 cents, supplies 1.28 cents, miscellaneous 15.9 cents, 
total 41.1 cents, to which is added a royalty charge of 44.9 cents. The 
grand total was $1.134 per ton for the period 1926-35. Mining and 
development averaged 68.5 cents per long ton. 

Direct costs per ton for coal stripping are as follows. Montana: 
Overburden 30 ft., coal 24 ft., total cost of mining and stripping 88 cents 
per ton; overburden blasted. Illinois: Overburden 30 to 60 ft., coal 5 to 
10 ft., total mining and stripping $1.15. Alabama: Overburden 16 to 
26 ft., coal 314 ft.; total cost from 89 cents to $1.54 per ton of coal. 

Small-scale operations entail higher costs. At Weepah, Nev., with 
gasoline-shovel loading and truck transportation over short distances, 
300 tons per day were mined at a direct cost of 18.7 cents per ton; strip- 
ping cost was 31 cents per ton; total about 50 cents per ton. W. Bradley 
gives costs of mining 19,436 tons of ore at Sulphur Bank mine in 1936 
as $2.24 per ton, including waste removal. At Sloan, Nev., a 300-ton- 
per-day output of a small limestone quarry gave 10.8 tons per man-shift 
and a total cost of 48.2 cents per ton for drilling, blasting, hand loading, 
and tramming. 

Cost analysis of open-pit mining is relatively simple. Pit operations 
are drilling, blasting, loading, transportation, track shifting, and waste- 
dump distribution. Accessories are tool sharpening, shop repairs, 
maintenance of electrical lines and machinery, and transport of supplies. 
Power and supplies, as well as new equipment and repair parts, are pur- 
chased in amounts consistent with the scale of operations. Supervision, 
engineering and clerical services, and managerial direction constitute an 
over-all charge on operations. Labor pay roll, wages, and labor efficiency 
obviously are important factors in cost control. Efficient use of power 
is another factor. 


EXAMPLES OF OPEN-PIT MINING 


Iron Mining.—The following is summarized from A. H. Hubbell’s 
account of the Susquehanna pit on the Mesabi. This pit was originally 
operated by track approaches and steam-locomotive haulage but became 
too deep for economical operation by this method. It was subsequently 
arranged for shaft operation with a track system on benches and all- 
electric equipment. A 350-ft. five-compartment shaft was sunk along- 
side the pit, with the first haulage tunnel 260 ft. below the shaft collar. A 
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second haulage level is 60 ft. below and extends under the pit for drainage 
and subsequent opening out of a new pit level. A still lower level, 60 ft. 
beneath, is expected to bottom the ore body. Three 4-yd. electric 
shovels, Ward-Leonard control, are used for loading. Pit cars and skips 
are of 4 yd. capacity. Haulage is by differential train. Trains consist 
of six 4-yd. cars hauled by a locomotive car (a larry), which also carries a 
4-yd. load (8 tons); loaded seven-car trains weigh 18 per cent less and 
empty trains 10 per cent less than corresponding locomotive-drawn 
equipment. Two 95-hp., 600-volt d-c motors are used upon the larry-car 
trucks, which have a wheel base of 11 ft. Provision is made for dumping 
two cars at a time and for hoisting in balance at the rate of one skip | 
(8 tons) per minute. At the shaft collar provision is made for handling 
three grades of ore and loading 180 railroad cars per day.. A remote- 
controlled larry car delivers the ore from the surface skip pocket to the 
bins. - 

The conveyor installation at the Spruce mine has been described a 
number of times. This mine is also on the Mesabi and was worked 
with track equipment but was changed over to conveyor operation. 
Three 10- by 10-ft. vertical transfers connect the pit with a conveyor 
line beneath the lowest ore level, and ore is delivered to a 500-ton 
shipping pocket a short distance away from the crest of the pit. The 
conveyor system is in nine sections having a total length of 4,481 ft. 
and a vertical lift of 386 ft.; belts are driven at a speed of 500 ft. per min. 
with a probable maximum of 750 tons per hr. Belts are driven by 
75-hp. motors with sequence as well as holdback controls. 

At the top of two of the vertical transfers are 100-ft. steel towers set 
upon circular tracks so as to permit swinging through 360 deg. Anchor 
towers are mounted on tread tractors, ballasted by 20-ton weights and 
propelled by 15-hp. motors. A track cable supported by the towers 
carries a scraper-bucket rig, the scraper cables being operated by winches 
with Ward-Leonard control. The average radius of operation is 175 ft. 
but for cleanup purposes can be extended to 750 ft. The 3-yd. bucket 
used here weighs 3,200 lb. It is of the bottomless, crescent-shaped type, 
back-tilting when loaded. Buckets discharge upon an 8-ft. grizzly with 
16-in. openings; undersize discharges go upon a pan conveyor, which in 
turn discharges upon a grizzly, oversize going to a crusher and undersize 
to the transfer. One transfer is equipped for truck dumping; it is like- 
wise provided with a receiving hopper, pan-type feeder, grizzly, and 
crusher. Hach transfer bottom terminates in a hopper serving a pan- 
type feeder, which discharges upon the belt conveyor in an offset drift. 
Ore is mined by scraper buckets and in other parts of the pit by a 2!4-yd. 
electric shovel that loads four rear-dumping trucks, each of 20 tons 
capacity. 
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Copper Open Pit.—The following summary of the Morenci open pit 
is taken from articles by W. C. Lawson and 8. F. French. The pit is 
a mountainside; the layout is similar to that of the Utah Copper, which 
was also started upon a mountainside. The thickness of the ore body 
is 850 ft., with an average thickness of overburden of 216 ft.; the final 
excavation is estimated to cover 350 acres. Pit benches are at 50-ft. 
intervals with the topmost bench at 5,500 ft. altitude and the lowest at 
4,200 ft., an ultimate vertical range of 1,300 ft. Entrance tracks are at 
4,600 ft., the coarse crusher station at 4,485 ft.; switchbacks begin 
at 4,600 ft. 

Waste haulage is over a series of tracks laid on a 0.25 per cent grade 
extending in a direction opposite to that of that of ore movement and 
serving five waste dumps at 100-ft. vertical intervals, each dump serving 
two benches by a connecting 314 per cent grade. Average waste haul 
is 214 miles; average ore haul is about 3 miles with 85 per cent of ore 
tonnage on favorable grade. A series of switchbacks on a 4 per cent 
compensated grade for 2 miles and then on a 0.4 per cent grade for 1.33 
miles brings the ore trains to the crusher plant. Curvature on switch- 
backs is limited to 10 deg. and on main line to 6 deg. 

Standard railroad equipment is used, with main-line tracks of 131-lb. 
and bench and dump tracks of 90-lb. steel. Shovels, bulldozers, and 
2214-yd. trucks were used in the development of benches, roadbeds, and 
roads. Nine41!4-yd. full-revolving Ward-Leonard-control electric shovels 
are used for pit operation. Churn drills are electric, with 9-in. bit equip- 
ment. Locomotives include six 125-ton diesel electrics, one 100-ton 
diesel electric, and nine 125-ton trolley-battery units. Maximum daily 
tonnage of 25,000 tons was planned for three shovels in ore and maximum 
shift capacity of 6,050 tons per shovel. 


TaBLE 92.—OpEN-PIT CoPpPER-MINE DIMENSIONS, IN Frrr 


Mine | Length | wiatn | Vertical) Capping) Ore gs| Ratio | “angie, | Nout 
Utah Copper...| 6,000 | 4,000 | 2,000 | 115 | 556 [=21" 96 24 
Copper Flat....| 4,400 | 1,500 | ..... 190 2 2A erecta 40-45 11 
New Cornelia...| 3,500 | 2,000 | 425] ..... |....... 0.83-1] 45 4 
(Olan 5 ooamtecore A UO I GHRBO A cba 0-150 |800—600 1-1 45 8 
Sacramento Hill.) 1,400 | 1,200 425 280 227 Py ail 45 3 
United Verde...| 1,000 800 ZOOM ett. Westen 3.6-1 45 5 
Chuquicamata. .| 7,872 | 3,280 |...... | ..... Is te cw ee OASIS Rene 16 
Morenci.<......| 5,800°| 4,000 | 1,300 | 216 | 850 | 1-1] 45 26 
Bins Plone ss: 1,500 SOOM, DPZSO yaks | nhs tareargs ioe Race 60-70 5 


Train speeds are 8 m.p.h. on benches and switchbacks, 12 m.p.h. on 
fair track and 4 per cent grades, 20 m.p.h. on fast tracks from crusher 


436 ELEMENTS OF MINING 


yard at 4,480 ft. elevation to 4,500 ft., and 9.5 m.p.h. on downgrades. 
Estimates indicated that 30 trains of eleven 80-ton cars per 16-hr. day 
would be required for the tonnage. Loading time was figured as 6.4 min. 
per 80-ton car, unloading time as 1.4 min. Side-dump cars are used for 
both waste and ore. The Morenci pit is an example of hard-rock open- 
pit. mining with the greater proportion of the equipment electrically 
operated. 

In Table 92 over-all dimensions are given for a number of open-pit 
copper mines. Figure 201 is a photograph of the Chuquicamata open 
pit and shows the layout of the ore benches. 


% 


Fig. 201.—Chuquicamata open pit. (J. B. Huttl.) 


Pebble Phosphate Mining.—C. A. Fulton’s description of pebble 
phosphate mining in Polk Co., Fla., is the source of the following sum- 
mary. Overburden consists of sand, clay, and thin layers of sandstone. 
It is removed by an 8-yd. electric dragline, tread-tractor mounted, with 
Ward-Leonard control and a boom length of 138 ft. The overkurden 
thickness is from 20 to 25 ft.; cuts are 210 ft. in width; moves are 60 ft. 
requiring 5 min. to move and three 8-hr. shifts to work out the area 
covered by each move. In making the pioneer cut, spoil is temporarily 
placed upon unmined ground to be rehandled in subsequent cuts. 

The plan of the pit (Fig. 202) is simple. It is divided into four 
quadrants symmetrically placed about the washing plant, which is 
placed upon a wide strip or corridor between each pair of quadrants. 
This corridor provides sump space for the washer. The pioneer cut is 
started close to the washer alongside the corridor and retreats parallel 
with the corridor to the property limits. The second cut is at right 
angles and retreats away from the first cut; on its completion, the drag- 
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line moves along the third cut back to the edge of the pioneer cut, a dis- 
tance of one-half mile, requiring some 5 hr. for the move. The third 
cut is then drawn back alongside the second, the overburden excavated 
being cast into the mined area of the second cut. Subsequent cuts are 
parallel and all start at the same end. Before each move backward the 
dragline digs 30 to 40 per cent of the matrix from the spoil-bank side, 
depositing it upon the exposed matrix bed. 

Hydraulic mining of the exposed matrix follows closely upon the 
retreating dragline, the distance between overburden bank and matrix 
bank (8.5 ft. high) ranging from 200 to 400 ft. Two giants (2-in. nozzles, 
360-deg. swing horizontal and 24 deg. up and down vertical) begin exca- 


Fig. 202.—F lorida pebble phosphate open-pit plan. (C. A. Fulton, A.I.M.E.) 


vating at points 25 ft. away from the matrix face. They are supplied by 
two 8-in. pipe lines stemming from a 12-in. line extending from a pumping 
station. Each stream is 2,000 gal. per min., of about 200 lb. pressure. 
The confined streams wash out about 4 cu. yd. of matrix per minute 
into shallow ditches leading toa sump. At the sump is a pit car or steel 
sled, on which is a 12-in. sand pump direct-connected to a 300-hp. variable- 
speed 2,300-volt a-c motor, together with electrical controls. Suction 
is provided by a 12-in. flexible pipe supported by tripod and rope blocks 
and fall. Discharge is by a 12-in. pipe line or rock line. 

When the face of the matrix recedes to a line 125 to 175 ft. from the 
giants, about every two days, they are moved up; power and pipe lines 
are extended, the pit car is shifted, and new ditches and sump are blasted 
out while dragline operations continue. The dragline operator by 
means of a special cable pulls the giants and pit car to the new position. 
The move takes from 1 to 114 hr. The pit delivers 225 to 250 cu. yd. 
(place measure) of matrix per hour, depending upon whether it is com- 
pact or soft clay. Phosphate matrix is abrasive, so that the life of cast- 
iron pump shells is limited to about 350,000 cu. yd. The rock line 
delivers the matrix in water suspension to the washer. Booster pumps 


438 ELEMENTS OF MINING 


similar to the pit car are placed at 1,500-ft. intervals between the mining 
cut and the washer. 

Hydraulic mining and sand pumping to washer cost 12 cents per 
cu. yd. in 1934, during which year 4,413 hr. of operation out of a possible 
8,760 produced 1,024,999 cu. yd. of matrix and pumped an average dis- 
tance of 3,000 ft. The average matrix thickness was 8.46 ft.; power was 
5.7 kw.-hr. per cu. yd. Stripping cost was 1.83 cents per cubic yard and 
stripping power was 0.555 kw.-hr. per cu. yd. of stripping. 

Clay Pit.—The Lincoln, Calif., pit of the Stockton Firebrick Com- 
pany when first visited was 1,600 ft. in length; the vertical range was 
75 ft., of which overburden averaged 35 ft. with a maximum thickness of 
38 ft. The pit is entered at one end on a 2 per cent 36-in.-gage track. 
Two beds of clay are mined, 5 and 10 ft. in thickness. A 114-yd. gasoline 
shovel is used for handling both clay and overburden. The overburden, 
andesitic breccia, is drilled by hand-held auger drills and blasted in two 
benches 50 ft. ahead of the clay bench. Several trains of five 314-yd. 
rocker-type cars are handled by two 8-ton Porter gasoline locomotives. 
The output was 180 cars, with a maximum of 200 cars and a minimum 
of 150 cars; 12 men‘handled 300 tons per shift. In 1941 the pit produced 
48,000 tons of clay, and 96,000 tons of overburden was removed at a 
cost of 34 cents per ton. 

Limestone.—Limestone deposits are mined by open-pit methods 
where overburden is not excessive. Thin deposits are mined in a single 
bench following the cleaning off of the overburden. Thicker deposits 
are mined in several benches. However, there is a tendency to mine in 
one bench where practicable. Drilling is by hand-held drills or more 
often by wagon drills where holes greater than 15 to 20 ft. in depth are 
necessary. ‘The churn drill is used in higher benches; hole depth ranges 
from 30 to 100 ft. or more, depending upon the height of the benches. 
Secondary blasting in varying amount is necessary. Output is 1,000 
to 5,000 tons per day in the larger quarries. Loading is by power shovel 
and transportation by locomotive and train. Trucks are used in the 
smaller operations. Breaking, loading, and transportation costs range 
from 15 to 50 cents per ton. ‘Transportation distances are usually nomi- 
nal, as the quarry product is delivered to a crushing plant or near-by 
cement mill. 

Miscellaneous Minerals.—Quicksilver is mined at Sulphur Banks 
(California) by open pit. The equipment consists of two 114-yd. 
diesel shovels (Fig. 203). Seven trucks were used, four 6-ton, two 4-ton, 
and one 10-ton diesel, other trucks being gasoline-operated. A two-stage 
compressor of 508 cu. ft. capacity and two hand-held drills comprised 
the drilling equipment. Each shovel loaded an average of 35 tons of ore 
and 187 tons of waste rock per day. 
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Coal Strip Pits.—Shallow, flat coal beds that are comparatively 
uniform, not irregular or broken, are mined by open pits where the over- 
burden is not too thick. The coal must be of commercial grade and 
markets must be reasonably near. Overburden consists of soil, sand, 
clay, boulders, shale, and limestone, the seam resting upon fire clay, 
shale, or limestone. The topography must be level or gently rolling. 
Preliminary work to determine position, thickness, and coal quality in a 
given area is by hand churn drills, by boring, or by test. pits. 
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Fig. 203.—Diesel-powered shovel and truck in small pit. (Bucyrus-Erie Co.) 


The line of the outcrop is the initial point of attack. Overburden is 
removed in successive strips, 30 to 50 ft. or more in width, and is back- 
filled into the area from which the coal has been removed. ‘The rate 
of removal of overburden is such as to uncover sufficient coal to provide 
the output, which may range from 500 to 6,000 tons per day in individual 
operations. The ratio of overburden to coal varies in accordance with 
economic conditions; 10-1 may be taken as a limiting figure, although in 
some localities it may reach 20-1 or more. Thickness of coal ranges from 
18 in. up to 60 to 72 in., in a few cases to 10 ft. or even greater; thinner 
seams require a greater rate of uncovering and hence higher stripping 
capacity to maintain an average daily tonnage. 

Compact shales and limestones require to be drilled, blasted, and 
properly fragmented for handling by shovel equipment. Drilling and 
blasting operations must be balanced with overburden removal and coal 
area uncovered. Drill-hole ratios are from 10 to 40 cu. yd. per foot 
of drill hole, and blasting ratios are from 4 to 35 cu. yd. per pound of 
explosive. Drill holes cost from 6 to 25 cents per foot. Tread-tractor 
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churn drills are used for vertical holes from 6 to 8 in. in diameter that 
reach to within a few feet of the coal seam. Side-wall drillers (electric 
or gasoline-powered) are used for horizontal holes placed above the coal 
in a soft seam; horizontal holes are from 50 to 75 ft. in depth. Where-2- 
and 4-in. holes are drilled they are usually chambered. Explosives 
include various grades of dynamite, with lox used in some pits. 

Pit equipment consists of drilling machines, strippers, large power 
shovels (15- to 35-cu. yd. buckets and a large radius of action), smaller 
power shovels (1.5 to 7 yd.) for loading out coal, and trucks or locomotives. 


Backfr/l/ PLAN 


Section A-A Backfill Section B-B 


Fig. 204.—Plan and sections of coal strip pit. 


cars; and tracks for transportation to tipple or washer. Dragline excava- 
tors are used for stripping overburden that requires no blasting. These 
follow the stripper (Fig. 204), operating on the top of the same bench 
and removing the top overburden, overcasting it on the spoil bank beyond 
the spoil bank of the shovel. Horizontal-thrust coal loaders are some- 
times used in place of the power shovel. All equipment is mounted on 
tread tractors and electrically operated, except for some steam-operated 
equipment used in older pits. In addition, some equipment is needed 
for cleaning the surface of the coal before it is loaded. This consists 
of steel brooms, sweepers, and scrapers of various kinds. 

The usual method of operation is to remove a 30- to 50-ft. width of 
overburden from the coal, followed by a similar width of coal offset so 
as to leave a 25-ft. berm for through tracks or roads. Trucks operate 
upon the shelf or berm. Tracks, where used, are placed close to the edge ° 
of the berm at the face being loaded. As the coal face advances, tracks 
are shifted from their former position alongside the coal strip that has 
been loaded out. 

Another method of operation places the coal-loading track on the top 
of the high wall, some 10 ft. from its edge. The stripping cut is 60 to 
70 ft. or more in width and the coal cut is the same, extending from the toe 
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of the high wall to the edge of the spoil bank. The coal is loaded into a 
skip, which is hoisted by a derrick or bank loader and swung over the cars 
into which its contents are dumped. The bank loader is mounted on a 
tread tractor; the boom is 70 to 90 ft. in length, and skip capacity ranges 
from 4 to 10 tons. The track on the high wall is shifted for each strip 
a distance equal to the width of a strip. A favorable topography is 
necessary for this arrangement. 

Pit layouts and approaches vary in accordance with topography, 
special conditions, and the location of the tipple or washer. The high 
wall may be straight or sinuous as contours are followed. In one layout 
the main road is outside and parallel to the outcrop. Laterals at dis- 
tances 600 to 1,400 ft. apart extend through the spoil banks and connect 
with the berm along which traffic flows. The laterals are extended as 
successive cuts are taken; one lateral may be used for return of empties 
and another for loads, making a one-way traffic or arun-around. Another 
layout has the main road beyond the extreme limit of stripping and parallel 
with the stripping line; laterals 1,000 to 1,500 ft. apart are graded through 
the high wall or come in at the back door, becoming shorter as successive 
cuts are made. Still another layout is a single lateral at one end of the 
stripping limit, upon which two-way traffic is maintained; trucks are 
turned about upon the berm and backed to loading points. Two such 
laterals, one at either end of the stripping length, is another arrangement. 

The present tendency is to use trucks for transportation. Where the 
haul is short (2 to 3 miles round trip) trucking costs are not excessive, 
but for long hauls train and track are more economical. Another variant 
in practice is a combination system, in which pit trucks deliver coal to a 
central receiving bin from which conveyors elevate the coal to a loading 
hopper,. at which trains are loaded for transportation to the tipple 
or washer. Double handling of the coal is the chief objection to this 
method. 

In January, 1928, a coal stripper with 15- cu. yd. bucket, boom 120 ft. 
and dipper handle 82 ft., was announced as an engineering achievement— 
which it was. It was followed by strippers of 20 to 24 cu. yd. bucket 
capacity. In 1936 the 30-cu. yd. stripper attracted attention, and late 
in 1942 the 35-cu. yd. knee-action stripper with Amplidyne control was 
described (Fig. 205). The 40-cu. yd. stripper is not far off. A study of 
the diagram, Fig. 206, which shows quantities of overburden for a 
50-ft. strip with various bank heights and corresponding coal tonnages 
uncevered for seams of various widths, will indicate the need for large 
digging capacity where daily coal tonnages are large. There is an 
economic reason for these huge strippers. Fast stripping and correspond- 
ing coal production reduce overhead costs and enable maximum market 
demands to be met. The size of transportation units has kept pace with 
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the increase in the pit capacity. Tractor-trailer units, weighing 20 tons 
and carrying 33 cu. yd. of coal, have been developed. 

Stripper capacities vary with bank height, width of cut, and degree 
of fragmentation. A. L. Toenges and R. L. Anderson, whose paper 
supplied some of the foregoing information, recorded stripper yardages 
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Fre. 205.—Stripper—boom length 105 ft., shovel stick 5734 ft., dipper or bucket 35 cu. yd., 
cycle time 50 to 55 sec., propel speed 33 ft. per min. (Marion Steam Shovel Co.) 


at different pits; and from these the following have been taken. A 
32-102.5-69, electrically operated stripper gave 700,000 cu. yd. per 
month from a 20-ft. bank 50 ft. in width; a 30-105-72 gave 1,000 cu. yd. 
per hr. from a 36-ft. bank 40 to 45 ft. wide; a 18-95-64 gave 600 cu, yd. 
per hr. from a 39-ft. bank 45 ft. wide; and a 20-92-60 gave 24,000 cu. 
yd. per day from a 38-ft. bank, 70-ft. cut width. Digging time ranges 
from 63.5 to 85 per cent of actual time. The numbers given, referring 
to strippers, have the following signification: the first is bucket size in 
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cubic yards, the second is boom length, and the third is shovel-stick 
length, in feet. A 14-cu. yd. dragline with 170-ft. boom gave 
225,000 cu. yd. per month. Shovels’and draglines are usually operated 
_on three shifts per day. Coal-loading capacities were given as follows: 
A 1.5-yd. shovel gave 85.5 tons per hr. from a 52-in. seam; a 3.5-yd. 
shovel gave 257 tons per hr. from a 30- to 60-in. seam; a 5-yd. shovel 
gave 608 tons per hr. from a 72-in. seam. Tons of coal production 
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Fic. 206.— Yardage of overburden for various heights of bank, a 50-ft. width and 0 to 100 ft. 
in length; tons of coal exposed for various thicknesses of coal bed. 


ranged from 10.2 to 27.5 per man-shift; man-hours per ton of coal from 
0.268 to 0.619. Toenges and Anderson state that a stripping installation 
cost about $750,000 for shovels and equipment, exclusive of tipple and 
cleaning plant, as against a cost of $500,000 some 5 years previously. 
The increased cost of installation represents principally the increased size 
of..the units. Present costs may be expected to keep step with the 
increased capacity of modern units. 

Milling System.—Two methods are in use. In one the mill holes are 
connected by a system of drifts and crosscuts and the excavation can 
start at the surface of any raise. In the other the drifts ave extended 
from the floor of the pit, no raises being constructed. *The loading is 
effected by the removal of cross boards, which are placed across the lag- 
ging supported by the drift sets. The boards at the toe of the loose piles 
are removed and the ore is allowed to run into the cars in the drift 
beneath. Breaking is accomplished by drilling and blasting benches. 
Practically all the material excepting a rib between the drifts can be 
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loaded with a minimum of shoveling. The rib between the drifts must 
be shoveled. The method has the advantage of requiring the least 
mechanical equipment for loading. It is effective and economical and 
is deserving of more extended use in open-pit work where the benches are 
in excess of 30 or 40 ft. high. Figure 207 illustrates the method, which 
is in principle the same as underhand stoping. 

Glory-hole mining, in which a system of surface “craters” is served by 
main haulageways and transfers, has superseded tunnel loading to a 
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Fie. 207.—Tunnel loading system. 


considerable extent where large tonnage is important. The layout of 
the method consists of one or more parallel haulageways, from which 
are offset the chute pockets and transfers as shown in Fig. 208. Trans- 
fers, 10 ft. in diameter, are extended to the top of the deposit to be mined 
by this method, and from the top of the transfers the craters are developed 
by a series of benches ranging from 10 to 15 ft. in height. Holes are 
usually more closely spaced than in ordinary bench blasting, in order to 
secure a greater degree of fragmentation by blasting. Successive 
benches are opened out from the transfer as the upper benches reach their 
limit. Oversize is handled by placing a grizzly at the top of the transfer 
and blockholing oversize pieces at the bottom of the crater, or by off- 
setting the transfer and establishing a bulldozing chamber and grizzly 
above the chute pocket. The latter arrangement seems to be preferable. 
Long transfers, which may reach a vertical height of 300 ft., have the 
disadvantage of entailing great difficulty when they hang up, and their 
clearing sometimes involves a considerable risk. To avoid this, R. A. 
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Kinzie makes use of an auxiliary raise from which crosscuts are extended, 
at vertical intervals of 40 ft., to the transfers. Hang-ups can thus be 
reached and more easily dislodged than in the long transfer. Where 
considerable blasting is necessary in bulldozing chambers, either ventilat- 
ing fans must be used or a system of connecting drifts constructed so as to 
provide for an air current through the bulldozing chambers. 
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Fie. 208.—Cross section of glory hole, bulldozing chamber, and chute. 


Chute-gate construction is heavy so as to provide for the handling of 
large pieces, which sometimes have to be blockholed and blasted at this 
point. A check gate is also necessary in addition to the chute control. 
Compressed-air cylinders for moving the chute gate are advisable. <A 
type of successful chute-gate construction 1s shown in Fig. 208a. Grizzly 
bars are H beams with protecting channels, rigidly held by spacers at 
several points and supported upon concrete at both ends. Bulldozing 
chambers are usually somewhat wider than the width of the grizzly, and 
11g to 2 times the length of the grizzly. Height is 8 ft. Connecting 
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drifts are offset so as to deaden the effect of blasting. Provision is also 
made for safety-rope attachments. As the grizzly-bar spacing is 2 ft. 
or less, miners are provided with safety belts attached to ropes. 
Limestone Mining.—Where overburden is thick or where a particular 
bed of limestone is to be mined, partial underground mining is practiced. 
The usual practice is to open out wide entries from the sides of the quarry 
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Fie. 208a.—Type of heavy chute-gate construction used in glory-hole mining. (R. A. 
Kinzie.) 


in the desired bed and then to mine by the room-and-pillar method. 
There are many variations, from all underground with access by shafts to 
partial underground and open pit. One interesting example is the quarry 
near Davenport, Calif., where a limestone deposit of great thickness is 
mined by glory holes that connect with vertical transfers. These 
terminate in bulldozing chambers, where secondary blasting takes place. 
The broken rock is drawn off into loading chutes, where trains are loaded 
upon a haulage level. Figure 208b shows the general layout. 
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Fie. 208b.—Glory-hole mining of limestone at Davenport, Calif. 
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CHAPTER XIII 
ALLUVIAL MINING 


Deposits which are not “‘in place”’ and which are detrital or the result 
of deposition by erosional agencies are mined by special methods. Allu- 
vial or placer deposits may contain gold, tin, platinum, metals of the 
platinum group, and rare earths. Practically all these substances are 
characterized by specific gravities higher than those of the accompanying 
alluvial material, and as a consequence admit of convenient separation by 
washing in sluices, undercurrents, and upon tables, or by the more primi- 
tive methods of pan and rocker. 

The methods used in practice are grouped under four heads: Placer 
mining, hydraulic mining, dredging, and drift mining. The selection of a 
method presupposes a determination of the controlling features of the 
deposit. These are 

1. The superficial extent or area. 

2. The thickness of the deposit; thickness of overburden; thickness of 
pay gravel. 

3. The surface topography and the significant surface features. 

4. The slope of the bedrock; its general surface; its physical nature, 
whether hard or soft, fissured or seamed, rough or irregular. 

5. The nature of the gravel, whether fine, medium, or coarse; whether 
free or compact; whether clayey or sandy; whether large boulders are 
present or conspicuously absent; whether cemented. 

6. The distribution of the mineral; whether uniform, concentrated on 
or in crevices in bedrock or at intermediate points. 

7. The fineness or subdivision of the mineral. 

8. The value of the alluvial material. 

9. The disposal of the waste. 

10. The separation, whether by sluice, washing plant, or jig. 

11. The methods available for excavation and transportation. 

12. The water supply available and the necessary features required 
for its development. Ground-water level is important. 

13. Transportation, climatic and economic features; taxes and laws. 
The most important characteristics of any deposit are quantity, value, 
and the distribution of value. Shaft sinking and boring are neces- 
sary steps to determine these. The determination of the pay streak is 
important, since operations can sometimes be concentrated and the com- 
plete working of the deposit avoided. The distribution of the gold is 
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best studied by comparing sections of the pits or boreholes upon which 
have been traced curves showing the value distribution in relation to the 
thickness of the deposit. In Fig. 209 a series of such curves has been 
drawn that typify some of the conditions met with. In a the values 
are uniformly distributed; in b they begin below the overburden and 
the distribution is approximately uniform; in c the values greatly increase 
as the bedrock is approached; in d the values are concentrated at the bed- 
rock, and in e the values are concentrated at several depths. With 


Surface Surface ; Surface 


Over-burden 


Depth Depth Depth 


Bed-rock 


Units of Value Units of Value Units of Value 
(A) Surface (B Surface Cc) 


Depth Depth 


ae 


Units of Value Units of Value 
(D) 


Fic. 209.—Gold distribution curves. 


minerals other than gold a somewhat similar distribution may be looked 
for. 

The subdivision of the gold is of importance in determining the details 
-of the washing appliances. Finely divided gold is more difficult to 
separate than coarse, and the presence of nuggets necessitates the 
examination and picking of coarse or oversize material. C. F. Hofman 
gives the following classifications for gold. 


NUGGETS: 


Coarse gold—that which remains on a 10-mesh screen. 

Medium gold—that which passes a 10-mesh screen and remains on a 20-mesh 
(av. 2,200 colors to 1 0z.). 

Fine gold—that which passés a 20-mesh screen and remains on a 40-mesh (ay. 
12,000 colors to 1 0z.). 

Very fine gold—that which passes a 40-mesh screen (av. 40,000 colors to 1 0z.). 


Fiour Goup: 


Purington quotes examples of finely divided gold: 
170 colors to 1 ¢. (314,500 to 1 oz.). 
280 colors to 1 c. (486,900 to 1 oz.). 
500 colors to 1 c. (885,000 to 1 0z.). 


Placer miners often make approximations of value by counting the 
number of colors obtained from a given volume of gravel and using a 
factor involving the number of colors to a cent. Purington’s estimates 


452 ELEMENTS OF MINING 


of the number of colors to a cent are based upon values of $16 to 
$18.50 per ounce of placer gold and fine gold valued at $20.67 per 
ounce. } 

Minerals other than gold are usually not so finely divided, although as 
a rule the values in most alluvial deposits are in a finely divided condition 
and associated with the small alluvial material. This fact renders the 
use of trommels, grizzlies, and screens for eliminating a part or all of the 
coarse material a necessity under practically all conditions. 

While a certain amount of alluvial mining is done under advantageous 
conditions in respect to proximity to base of supplies, available roads 
and railroads, low costs of supplies and labor, and a good climate, much of 
it is done under pioneering and severe climatic conditions. The alluvial 
miner more often than not follows closely upon the heels of the explorer 
and hunter and must adapt his methods to a difficult environment. 

Gold Content per Acre.—In most placer operations the unit taken is 
the gold content per cubic yard, and the value of the ground is often 
expressed in cents per cubic yard. The acre is the usual unit of area. 
The average thickness of the placer deposit and its area will give volume. 
In Table 93 volume in cubic yards per acre for various thicknesses has 
been computed as has the gold content in ounces per acre to correspond. 
Placer ground exceeding 50 cents per cubic yard may be often worked at 
considerable profit. Good dredging ground may have a value of 10 to 50 
cents per cubic yard. 


TABLE 93.—GouLp CONTENT PER ACRE 


Oz. per cu. yd. 


0.02 | 0.01 | 0.005 0.0025 

Depth, ft. Oz. per acre Cu. yd. 

3 96.80 48.40 24.20 12.10 4,840 

6 193.60 96.80 48.40 24.20 9,680 

9 291.40 | 145.20 72.60 36.30 14,520 

12 387.20 | 193.60 96.80 48.40 19,360 

; 15 484.00 | 242.00 | 121.00 60.50 24,200 
Value per cu. yd........... $0.70 | $0.35'| $0.175| $.0875 | @ $35 per oz. 

Valu eupericlnydasnanennee 0.40 0.20 0.10 | 05 @ 20.67 per oz. 


Nory.—Parts are 1 part of gold per 2,187,499; 4,374,999; 8,749,998; and 17,599,996 parts of alluvial 
material by weight for the respective ounces per cubic, yard. é 
Manual Methods.—Manual methods of placer operation are restricted 
to pioneer conditions, small rich deposits, thin scattered deposits, and 
remote places without roads or convenient access, or where it is impracti-’ 
cable to obtain machinery or to develop water supplies for hydraulie 
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-mining. ‘There are two fundamental methods of hand operation, shovel- 
ing into sluice boxes and ground sluicing. For the application of the 
first a water supply is obtained by damming a stream and conducting 
water by flume or pipe to the area to be worked. A sluice box is con- 
structed in a bedrock cut at the lower end of the deposit; a strip 12 to 15 ft. ~ 
in width is worked along the axis of the gravel bed, the sluice box being 
extended as the excavation advances upgrade. The gravel is shoveled 
into the box and is disintegrated by the water as it flows over the riffles. 
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Fie. 210.—Placer mine. 


Boulders and large stones are stacked and the bedrock cleaned as the 
strip is extended; on completion of the initial strip the sluice boxes are 
shifted parallel with the bank and a new slice is taken. See Fig. 210. 
Ground sluicing is started by running a stream of water over the 
surface and starting a bedrock cut which is extended upstream until the 
limits of the deposit have been reached. At this point the stream of 
water is directed against the bank at its upper end and a strip some 20 ft. 
in width and downstream is worked off. Shear boards and wing dams 
bring the water along the face. Bedrock cuts direct the flow of the water 
and gravel to the main bedrock cut, which serves as a sluice, the rough 
bedrock playing the part of riffles. Sluice boxes may be used and are 
preferable. Bedrock and cuts are cleaned up from time to time and the 
material is concentrated by pan and rocker. Boulders and large stones 
are stacked upon bedrock after it has been cleaned. Booming is resorted 
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to where normal stream flow is insufficient for ground sluicing. In this 
variation, water is reservoired and then automatically released to flow in 
sufficient volume along the ground-sluice face. The bedrock must have 
sufficient grade to give cutting and transporting velocity to the stream 
flow. In both manual methods, power-driven pumps are sometimes used 
to supply water to the placer deposit from a near-by stream that may be 
too low for gravity flow. 

Wing-damming is a method used in working river-bed placers. A 
dam is constructed in the river bed above the ground to be worked. A 
similar dam is constructed below. Both dams are connected on the river 
side by a watertight wall. The area thus enclosed is worked out, the 
pit being drained by a ‘‘china pump” or a centrifugal. 

Fluming is a method used in river-bed working. The length of 
river bed is cut off by an upper and lower dam and the water flow is 
carried between the dams in a wooden flume. Drainage and working 
follow. 

Drainage of pit workings is accomplished by ditches which are con- 
structed on a low grade and tap the bedrock at the lowest point. Deep 
pits in valley bottoms are protected by damming the stream and deflect- 
ing its course around the pit. Where drain ditches are impracticable the 
“china pump” operated by a water wheel is frequently used. Where 
this is impracticable a centrifugal pump of the horizontal or vertical 
type is installed. 

Sluices.—The sluice is a washing or separating device. Before satis- 
factory separation can be accomplished the gravel must be disintegrated. 
Disintegration is practically effected in excavation and completed in the 
sluice. The length of the sluice is the important dimension controlling 
disintegration. Gravels that are easily loosened require a relatively 
short sluice, while gravels that are compact or contain much clay must 
pass through a long sluice before all the fine material is broken up and 
mixed with the water. At the dump box, or receiving end of the sluice, 
a punched plate screen or grizzly is often placed to receive the gravel. 
This separates the large stones and coarse gravel, leaving only the fine 
material to pass through the sluice. A grizzly with 1l-in. bars or a 
punched plate with 14-, 3¢-, or }4-in. holes is a common arrangement. 

The sluice box is constructed in 12-ft. sections butted together and 
held in place by wooden strips nailed on the outside. Telescoping 
sections are used where the boxes must be frequently moved. While 
wood is the customary material used in the construction, steel offers many 
advantages both in freedom from leakage and ease in handling. The 
width of the sluice ranges from 10 in. up to 6 ft. and the depth from 1 up 
to 3 or 4 ft. Riffles are placed in the bottom either transversely or 
longitudinally. Many different kinds of riffles have been devised by 
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the placer miner. Usually the available material determines the selec- 
tion. Round wooden poles, poles protected by iron strips, wooden blocks, 
cobblestones, steel rails, metal grids, and Hungarian riffles are some 
of the kinds used in sluice boxes where the ordinary run of coarse and fine 
gravel must be handled. For fine sand and gravel, smaller riffles or 
carpet, blanket, burlap and coco matting protected by expanded metal 
or riffles are used. The form of the riffle and the spacing should be such 
as to permit large stones to slide or roll along the bottom of the sluice. 
Riffles are subjected to intense wear, and the surface receiving the wear 


Pole Riffles 


Hungarian Riffle 
Oroville Hungarian 
Riffle All-Steel Sluice 


Fig. 211.—Riffles. 


should be protected by steel strips wherever possible. Figure 211 
illustrates a number of types of riffles and timber and steel boxes. 

The treatment of fine material containing fine gold is best effected by 
shallow wide sluices set on comparatively steep grades. Coarse material 
requires a deep, narrow sluice. The grade ranges from 2 to 12.5 per cent. 
The smaller grade is about the lower limit and is suitable for light sands 
and fine gravel. The commonest grade is 4.16 per cent, or 6 in. per 12-ft. 
section. With this grade it is necessary to remove the larger stones by 
“forking.” Steeper grades give an increased duty for a given flow of 
water. 

The width of the sluice and its depth determine its capacity. Two 
examples of capacity are given in Table 94. 
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TaBLE 94 
: A 2 Water flow, Cu. yd. gravel, 
Width, in. Depth of flow, in. Grade, per cent eustts sous 04 hr. 
10-12 6-7 4.16 45 67 .5-135 
12-14 10 6.2 100 150-800 


The Engineering and Mining Journal gives the capacities of large 
sluices in the following table: 


TaBLE 95 
Width, ft. Flow, miners’ in. Flow, cu. ft., min. 
3 200-600 300—900 
4 400—1,200 600—1,800 
5 1,000-2,500 1,500-3,750 
6 2,000—4,000 3,000—6,000 


Norr.—Depth of sluice ranges from one-half to three-fourths of the width; depth of water flow 
one-third to one-half clear inside depth. 


The quantity of gravel handled by the sluices ranges from 1.5 to 3 
cu. yd. per cu. ft. per minute of flow per 24 hr. Given the grade and 
water flow, the velocity and cross section of the stream can be calculated 
from Kutter’s formula, with allowance for turbulence of flow. 

The length of the sluice will depend upon topographic conditions and 
upon the nature of the gravel. Short sluices do not give much opportu- 
nity for the gold to be caught. With*small sluices (12 to 14 in. wide) 
and with coarse to medium gold, from 36 to 72 ft. may be all that is neces- 
sary. With compact gravel and the other conditions the same, from 200 
to 300 ft. may be necessary. One authority states that the sluices should 
not be less than 240 ft. long. _ . 

Manual Methods Plus Mechanical Aids.—The placer miner has 
tried many mechanical aids to facilitate the working of deposits larger 
and deeper than can be handled by manual methods. Wheelbarrows, 
horsedrawn scrapers, and portable track and car are used in the smaller 
operations (see Figs. 212 and 213). Power-operated derricks and scraper 
rigs of various kinds have found some use. In Alaska the Bagley 
scraper has been used for small pits. This scraper is a three-sided box 
without bottom, with a cutting edge and tail-rope attachment on the end 
plate. A double-drum steam hoist is used for the main rope and the tail 
ropes. The tail-rope sheave is anchored to a cable so that its position 
may be easily changed. Another rig comprises two tail ropes, a three- 
drum hoist, and two sheave anchorages at the far corners of the pit. The 
scraper discharges into a car that is hoisted up an incline and automati- 
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cally discharged into the dump box of the sluice. Another rig employs a 
ramp up which the loaded scraper is hauled and discharged into the 
dump box (see Fig. 214). 

Cableway rigs have also been successfully used. The track cable is 
fastened at one end to a strongly guyed mast in such a position as to bring 
the bucket over the dump box of the sluice; the other end is anchored to a 
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I'1a. 212.—Placer mine served by incline. 
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Fia. 213.—Placer mine. (U.S. Geol. Survey.) 


cable so that its position may be varied, thus covering a wider area. A 
carrier supports the ropes to which the excavating bucket is attached and 
by which the bucket is drawn along the gravel, elevated, and taken to its 
dumping position above the dump box. A fan-shaped area can be 
worked extending out from the dump box to the anchorage limits. 
Dragline excavators have also been used upon larger and thicker 
deposits. In all arrangements of this kind the problem is excavation and 
transportation to a height sufficient for a sluice grade with a minimum of 
labor and with mechanical appliances not too costly or too heavy. The 
position of the dump box is the focus being elevated to a sufficient height 
to give grade and dumping area; when the limits of a pit are reached 
another pit is established and the equipment moved to a new location. 
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Costs.—Accurate estimates of the cost of placer-mining operations 
are difficult to obtain. Perhaps the best summary is represented by the 
work of C. W. Purington in Alaska. Purington’s figures represent opera- 
tions under severe climatic conditions, difficult access, high wages and 
cost of supplies, and relatively thin deposits of moderate extent. They 


Pole ), 3 
Sluice BINS 


Denn baa] 


Incline to Sluice, 


heave 


Drain 


Flume from Ditch 
or Pump 


Pole Riles 


Bedrock | 


Double-drum 
Hoist 


0 50 Feet 
n any 


Fic. 214.—Placer mine operated by power scraper. (U.S. Geol. Survey.) 


are of value in establishing the upper limit of cost. From his compara- 
tive cost table the data presented in Table 96 have been selected. 

The rate for shoveling into sluices in different districts in Alaska as 
given by Purington is presented in Table 97. 

The lowest cost of shoveling into sluices in Alaska is given as $1 per 
cubic yard, and from that the range extends up to $5 in the interior parts 
of Alaska. To these figures from 10 cents to $1 must be added for the 
cost of stripping muck or overburden. ‘The high proportion of labor 

1 Bull. 263, U.S. Geol. Survey. 
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required in this method of mining is indicated by the above figures 
and the necessity for mechanical appliances is obvious. The cost of 
the plant required for the shoveling-in method is given as ranging 
from $500 to $2,000. The plant includes a seepage water drain, a sod 
dam, a ditch to sluice, and a string of 10 sluice boxes. 


TABLE 96 
Interior Province Seward Peninsula 
Fs Thick- * Thick- 
Gaac-| Thick-| nose of| Coot | Capac: Thick: | nose of | Cot 
yd. per | deposit| 22° Per yd. er | deposit gravel cu. 
: worked |cu. yd. : worked 
4 hr. | in ate: 24 3 in ft. en fts yd. 
Open cut; shoveling into sluice, in- 
cluding stripping, no pumping..... 63 
Open cut; horse scraping............| 105 
Open cut; shoveling, wheeling to 
bucket cable tram to sluice........ 162 
Open cut; shoveling into cars, track 
and incline to sluice........../... 450 
Open cut; shoveling into buckets, 
GOLVACKING TONBLUICEs gee eh olsleiee icra ie 233 
Open cut; steam shovel, track and 
ANCHMELLOISIUICO sie c Nav alersjcieisiels ere tere 800 
Open cut; steam scraping.......... 92 
Booming with self-dumping gate....| 250 


Norr.—Interior Province—Atlin district, B. C., Klondike, Fortymile, Eagle, Birch Creek, Fair- 
banks, and Rampart districts. 

Seward Peninsula—Nome, Council, and Solomon districts. 

Wages—Atlin district, $3.50 to $4.50; Fortymile, $5; Fairbanks, $10 (no board): Nome, Council 
and Solomon, $5 per day. Board is included in the day’s wage except where noted. 


TABLE 97 
. Rate of shovel- 
4 Thick Eialite 5 
Lift, ft. pay arava tt. ra (aa ata Remarks 
9 2 te 2-stage shoveling, Bonanza Creek. 
6 4.41 5 Average 12 operations on Birch Creek. 
1 Sek CORRS Be Oe iy RU EROS -2.75 Large boulders—American Creek. 
Peis Corer eke sot 5 4 Discovery .Fork 
5 3 (ao Fairbanks average of three operations. 
LAS tie ROR EE 5-7 5.76 Nome. 
Bir ede ied lek 3 9 Anvil Creek. 
High lift 3 3.75 Solomon River. 
Fa nd 5 ea a sad | Seward Peninsula. 


Purington’s cost and performance figures are to a considerable 
extent applicable to present-day conditions after some allowance is 
made for dollar depreciation. Variation in wages also needs some con- 
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sideration, but relatively low wages prevailed in Alaska when Puring- 
ton’s observations were made. 

Horse scraping into sluices involved an expense of from $17 to $23 
per day for a team of horses and driver. The output is from 30 to 40 
cu. yd. moved a distance of 75 ft. At Penelope Creek, Seward Peninsula,. 
the cost for this method reached 30 cents per cubic yard. With a 
breaking plow and team of horses to four scraper teams, costs as low as 
25 cents per cubic yard, not including top stripping, were obtained.* 

The plant required for the steam-scraper method costs $3,500 in the 
Klondike district and consists of a double-drum steam hoist, 25- to 30-hp. 
boiler, scraper, ropes, and anchorages. The capacity is given as 250 cu. 
yd. per 24 hr. and the cost, 49 cents per cubic yard.! 

The cost of a derricking plant on Pedro Creek, Fairbanks district, and 
a suspended cable and carrier plant are approximately the same, about 
$4,500. The capacities are, respectively, 233 and 200 cu. yd. per day. 
The cost per cubic yard with the derricking plant is given as $1.75.! 

J. P. Hutchins points out two important facts concerning mechanical 
equipment: Bulky and heavy machinery should be avoided, and mobility 
of the equipment is all-important in placer operations. Respecting the 
latter point, he states that any mechanism that is not easily mobile must 
have great compensating advantages to make its use advantageous.” 

General.—The yardage, width, length; and other proportions of placer 
deposits are given in Table 98. 


TABLE 98 


Width, ft. Length, ft. | Area, sq. ft. | CY ae ft. of | Thickness, ft, | C¥- veo Bee 
50 871.2 43,560 4,840 6 9,680 
100 435.6 43,560 4,840 12 19,360 
200 217.8 43,560 4,840 24 38,720 
300 145.2 43,560 4,840 30 48,400 
500 Sn 43,560 4,840 60 96,800 


Ove eee 


TABLE 99 


Rate of working, cu. yd. per day 


D : 
SNAY Oe Sabet 1 acre, 3 ft. Acres worked per 120 days 


50 
100 
200 
300 
400 
500 


Non PN e 
ONO OW & \ 


1 Purington, reference cited before. 
? Bull, 345, U.S. Geol. Survey, p. 71. 
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The rate of working, time in days required to work 1 acre of ground 
3 ft. thick, and acres worked in a BA nape season of 120 days are given 
in Table 99. 

The distribution of plant cost and the yardage worked are given in 
Table 100. 


TaBie 100 
Capital in plant and plant cost per cu. yd. 
Cu. yd. in deposit. © |------AAADAA 

$1000 | $4000 $5000 $10,000 

5,000 0.20 0.80 + 1.00 2.00 
10,000 0.10 0.40 0.50 1.00 
20,000 0.05 0.20 0.25 0.50 
40,900 | 0.025 0.10 02.126 . (2 0.25 


Hydraulic Mining.—Water under a pressure of from 50 to 650 ft. is 
used in this method for excavating and washing gravel to the sluices, in 
which it is disintegrated and transported to waste, the gold and heavy 


Elevator Sump 
Bedrock Cut 


Fie. 215.—Sectional views of hydraulic mines. 


minerals being caught by the riffles. A water supply at a suitable 
elevation above the deposit is developed and the water is carried by 
ditch, flume, or pipe to the pressure box or penstock supplying the pipe 
system of the pit or hydraulic mine. Reservoirs may supply sufficient 
water for continuous operation, but some hydraulic mmes start when 
water is available and close when water supply becomes insufficient. 
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For best results, bedrock should be of sluice grade, not less than 1.5 
per cent and preferably 4.5 per cent or more (see Fig. 215). The area for 
waste disposal should be greatly in excess of the area to be mined. Deep 
bedrock cuts gain additional grade but are costly. In some favorable 
cases a tunnel can be driven beneath the deposit, and both grade and 
dumping area can be secured thereby. Some pits admit of development 
by tunnel and shaft extending through bedrock to the lowest bedrock point 
of the gravel bed. A topographical survey and accurate measurement of 
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bedrock contours, as well as measurement of the proposed dumping area, 
are indispensable preliminaries. The determination of values present is 
made by bores, shafts, drifts, and crosscuts. These also give information 
about bedrock positions, which is of great importance where sluice 
tunnels are contemplated. 

At one time the hydraulic elevator was an important adjunct to 
hydraulic mining where river beds were worked and where insufficient 
grade had to be overcome. Figure 215 indicates the type of working 
wherein the hydraulic elevator afforded advantage. 

A head box is shown in Fig. 216. The hydraulic giant is illustrated in 
Fig. 217. A double joint enables it to be swung in a horizontal plane over 
the complete circle, and it may be elevated or depressed in a vertical 
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plane. Nozzle sizes range from 2 to 8 in. in diameter. The supply inlet 
is 214 times the nozzle diameter. Its weight ranges from 390 to 2,075 lb. 
A counterbalance gives better control and the larger sizes are equipped 
with a deflecting nozzle that enables the pipeman to move the nozzle with 
but little effort. In Table 101 the water requirement under various 


TasLe 101 
Cu. ft. per sec. and diam. of nozzle (in.) 
Head tt: Theoretical spouting ; 
¢ velocity, ft. per sec. 
5 6 i 8 
100 80.25 10.17 14.64 19.94 26.08 
200 Waeye8) 14.34 20.64 28.20 36.80 
300 139.0 17.62 25.44 34.54 45.12 
400 160.5 20.35 29.28 38.89 52.16 
500 179.4 PP het 3) 32.80 44.00 58 . 24 


heads and for different sizes is given as taken from Campbell’s Hydraulic 
Elevator Catalogue. ; 

In the simplest cases operations begin at the lowest part of the deposit. 
A bedrock cut is made and a sluice is installed; sluices are from 3 ft. wide 
by 2.5 feet deep up to 6 ft. wide by 4 ft. deep, of sufficient length to reach 
the dumping site. Pressure water is handled by a hydraulic giant, one or 
more being employed in the pit. The mining is started by undermining 
the bank and washing the gravel to the sluice head, where wings direct 
the flow into the sluice. The height of gravel bank, its tightness or 
looseness, the grade of sluice, and the available waterhead determine the 
rate of mining with a given water flow. With high sluice grades and 
not too flat bedrock, water duties are high. California gravels gave 1 to 
4.5 cu. yd. per miner’s inch per day (1.5 cu. ft. per min.); with fine 
material, 5.5 cu. yd. per miner’s inch; and with cemented gravels, 
considerably less. Large boulders and rocks are dislodged and left in 
the pit or may be stacked by bulldozers; stones up to 15 to 20 in. are 
transported by the sluice; bedrock is often loosened for a foot or more in 
thickness and washed through the sluice; hard bedrocks must be hand- 
creviced and cleaned; cemented gravels must be blasted before washing. 

The hydraulic mining sluice serves a triple purpose: It completes 
disintegration, it transports the water and gravel to the dump, and it 
catches the gold and heavy minerals in its riffles. Two general types 
of rifles are in use, one arranged longitudinally in short sections and the 
other tranversely. Transverse Hungarian riffles facilitate disintegration, 
and longitudinal riffes help transportation; both are efficient mineral 
savers (see Fig. 218). Wooden blocks with spacers are used for trans- 
verse riffles; and poles, often shod with steel plates or bars, are used for 
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longitudinal riffles.. Wooden sluice boxes are used in many instances. 
In more modern installations they are of abrasion-resisting steel, and 
riffles are angle iron or steel rails, made up into short sections that can 
be handled in cleanups. Transverse steel riffles are given a slight upward 
cant against the stream flow and are spaced 2 or 3 in. apart; longitudinal 
riffles are given the same spacing. Cobblestone riffles are nearly obsolete. 

At the La Grange mine (California), riffle wear was determined for 
different materials and the results were published in the Engineering and 
Mining Journal of May 24, 1913, as follows: Wooden riffles wore out 


Fia. 218.—Sluice construction. 


\ 
after flowing some 135,000 to 270,000 miner’s in.; rails spaced 5 in. 
apart and placed longitudinally wore out at 400,000 in.; with the 
same spacing but placed traversely the wear indicated 600,000 miner’s in. ; 
manganese steel spaced at 5 in. and placed transversely showed 2,200,000 
miner’s in. The manganese steel riffles handled some 12 to 15 million 
cu. yd. of gravel. 

Distribution of Gold in Sluices.—Particle size of the gold, rather than 
the length of the sluice, determines the distribution of the gold in the 
sluice. At the La Grange mine, where the greater part of the gold was 
caught in the first 250 ft. of the sluice, studies were made of the coarseness 
of the gold and its distribution. The results are given in Table 102. 

Cleanups are made at frequent intervals in the upper sections of a 
sluice; the lower sections may be cleaned only once a season. To guard 
against theft, various devices are installed at the head boxes of the sluice 
and watchmen are employed. Drops are sometimes placed in the sluice 
line to increase disintegration, and at such points undercurrents with 8 
per cent grades are also placed to catch fine gold. At a drop and under- 
current a grizzly or punched plate is placed near the end of the sluice 
bottom. The fines passing the grizzly are distributed over several wide, 
shallow tables equipped with Hungarian riffles spaced about an inch 
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apart; the discharge of the tables is collected into a launder and returned 
into the lower section of the sluice below the drop. 


TaBLE 102 
Mesh size and weight of gold 
Box? no. Total, oz. 
+10 —10 +50 | —50 +100 |—100 +150/!—150 +200 —20 
OZ. oz. OZ. oz. OZ. OZ. 
5 45.8 0) it 1.38 0.36 0.31 1.45 100.0 
6-16 inel.| 18.0 83.30 2/33 1.00 0.31 0.83 105.77 
22 eae 20.22 3.08 0.70 0.25 0.62 26.60 
48 0.18 218 1.06 OnA2 0.05 0.16 3.75 
88 0.018 0.12 0.47 0.008 0.026 | 0.005 0.647 
136 None 0.053 0.027 0.043 0.011 0.01 0.144 


2 Box length 12 ft. (total length of sluice 3,600 ft.) 


-In a tunnel approach, sluice boxes are placed in the tunnel and wings 
are constructed at its entrance or at the upper terminus of the sluice. 
Pit operations are much the same as has been described. In the case of 
tunnel and shaft transfer, the pit is opened out at the mouth of the shaft 
by carefully working the bank, hydraulicking the gravel into the shaft 
and to the sluices, which begin at the side of the shaft near the bottom. 

Placer deposits of moderate thickness and very low grades are some- 
times operated by hydraulic elevator (Fig. 215). A pit is dug and 
the elevator is installed. The hydraulic jet lifts the gravel and water 
to a sufficient height to discharge into a sluice set up on bents, high enough 
to get sluice grade and dumping space. A grizzly is placed at the sump 
of the elevator and the gravel is washed into the sump, oversize being 
removed from the grizzly at intervals. The comparatively low (20 per 
cent) efficiency of the elevator and the fact that such deposits can better 
be worked by dredging have limited the application of the hydraulic 
elevator to small deposits and special conditions. The use of a dredge 
pump (centrifugal) for elevating to sluice boxes from the sump of the pit 
has been tried out; under favorable conditions it may be a workable 
arrangement for flat deposits. At one time gravel pumps were used in 
Malaya to some extent to elevate to sluice lines. The extent of the 
abrasion of pump and pipe is the uncertain factor, and although abrasion- 
resisting steels and alloys are used in construction of the pump parts, 
operating costs may be high and initial efficiencies may be lessened by 
wear of pump parts. The over-all efficiency of the dredge pump is 
greater than that of the hydraulic elevator. Diesel power gives a low 
power cost. 
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Shallow stream-bed deposits (12 ft. in thickness) and low grades can 
be handled by setting three or four sluice boxes (a sluice box is usually 
12 ft. long) in a bedrock cut at the lower end of the bank, wing-boarding 
the sluice entrance and piping from the top of the deposit into the sluice 
from an upstream position. Another giant is placed close to the lower 
end of the sluice and the tailings are ‘‘blown”’ to the side of the stream. 
Pits of a length 300 to 450 ft. and to a width of 100 ft. or more have been 
successfully worked. 

Wimmler describes piping over the side of sluice boxes as follows: 
To start, 8 to 20 boxes are installed in a bedrock trench and wing boards 
are placed at the sluice entrance; next a deep cut is extended by hydrau- 
licking along the axial line until the upper part of the deposit is reached; 
sluices are then installed through the length of the cut. Piping starts at 
the upper end. Parallel angling side cuts pointing downstream are 
made. The gravel is washed over the side of the sluice as the cuts are 
made in sequence, one side being piped while the bedrock on the other 
side is being cleaned up. Sluices are placed so deep in the cut that the 
sides are below the bedrock surface. The sides of the sluice are pro- 
tected by slabs or old boards. Wimmler also describes a similar method 
for working upstream by piping over the sides. ‘Tailings are hydrau- 
licked away from the discharge of the sluice in both cases. This method 
is applicable to small, shallow deposits of low sluice grade. 

Disposal of tailings by hydraulic giant is advantageous where sluice 
grades are low. Wimmler gives examples where tailings containing up 
to 15-in. rocks have been stacked 52 ft. high by a 4-in. giant with 310-ft. 
head; in another instance, stones up to 12-in. size were stacked 35 ft. 
high by a 3-in. giant with 100-ft. head. He states that the distance over 
which the pile can be stacked approximates one-half and the height one- 
third of the head at the nozzle. The Ruble elevator is another device to 
facilitate stacking. It consists of a 20-deg. chute, 8.5 ft. wide by 52 ft. 
long, the sides of which are 10 ft. at the lower end and 6 ft. at the upper 
end. ‘The lower 22 ft. have a solid bottom; the upper 30 ft. have a bottom 
of steel-shod grizzly bars, 2.5 by 5.5 in., set transversely. A riffled table 
receives the underflow of the grizzly and is designed like an undercurrent. 
The elevator is mounted upon skids or rollers so as to be movable about 
the floor of the pit. Two giants are used, one to drive the gravel over the - 
bedrock to the elevator and the other to drive it up the slope. 

The quantity of water required in hydraulicking varies between wide 
limits. With favorable bedrock and sluice grades of 4 to 4.5 per cent, 
maximum duty is obtained and ranges from 3.5 to 7 cu. yd. per inch per 
24 hr. Under more adverse conditions duties of from 1 to 2.5 cu. yd. 
per miner’s inch are not uncommon. Ordinarily water is supplied under 
natural head, but there are a very few instances where power pumps have : 
been successfully used. 
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J. P. Hutchins gives notes on the use of pumped water on the Nechi 
River by the Pato Consolidated Gold Dredging Co. (South America) for 
working relatively small areas of gravel from a few feet to 30 ft. and 
averaging 15.5 ft. in thickness. There are no large boulders; decomposed 
bedrock is 15 to 125 ft. above the river. The jungle is cleared by bull- 
dozers at a cost of $400 per acre. Sluices are made in 8-ft. sections so as 
to be readily portable; they are constructed of 8-gage plate, bent to shape. 
Riffles are 3- by 3- by 5¢-in. steel angle spaced tranversely 214 in. apart, 
canted against stream flow and welded in sections. The sluice length is 
20 to 500 ft., with grade 314 to 4 in. per 8-ft. section. Water is pumped 
by 12-in. centrifugals direct-connected to motors and carried upon 
barges in the river; pump rating is 4,000 gai. per min., 200-ft. head. 
Connections are made with the 16-in. shore lines by sections of high- 
pressure rubber hose. The 16-in. pipe lines are in 30-ft. sections of 
spiral-lap-welded pipe with bolted couplings; secondary or branch lines 
are 10 and 12 in., and giants are equipped with 3-, 314-, and 4-in. nozzles. 
The average life of each working is 1 year. From 1938 to 1941, 3,200,000 
cu. yd. was pump-hydraulicked; annual yield, respectively, was 25.6, 
22.7, 35.6, and 47.3 cents per cubic yard, with recovery estimated at 85 
per cent. Power cost of pumping was 3.86 cents and direct expense for 
hydraulicking was 15.17 cents; total pumping cost was 4.48 cents per 
cubic yard; power cost at pumps 0.4 cents kilowatt-hour; average cost, 
including government royalty, was 21 cents per cubic yard. 

Hydraulic mining costs vary widely and are greatly influenced by 
local conditions. At one extreme may be placed the California costs of 
the old days, where under especially favorable conditions gravel yielding 
2 to 3 cents per cubic yard is said to have been profitably worked. Bowie 
gives costs for 1876 of the La Grange Company as 6 cents per cubic yard, 
yield 10.19 cents per cubic yard; water duty 1.48 cu. yd. per miner’s inch 
per 24 hr.; average value of gold and silver $19.29 per ounce. At some 
North Bloomfield operations, costs ranged from 2.86 to 6.19 cents per 
cubic yard and yields from 13.7 to 23.8 cents per cubic yard; water duty 
ranged from 3.86 to 4.8 cu. yd. per miner’s inch per day; sluice grades 
were 5.5 per cent. Examples of costs given by Wimmler for Alaskan 
conditions are as follows: Average depth of deposit 9 ft.; hydraulic 
equipment and 1,600-ft. ditch cost about $5,000; average costs 30 to 35 
cents per cubic yard. At another operation equipment costs were about 
$30,000 and mining cost 43 cents per cubic yard; at a third mine, costs 
ranged from 33 to 65 cents per cubic yard. 

Opposition to hydraulic mining debris and stream pollution closed 
down hydraulic mining in California in 1884. Comparatively recently, 
debris-restraining dams have made possible some hydraulic mining; 
but since 1933 the development of this kind of mining has been slow, 
despite the increased price of gold, because of fear of legal entanglement. 
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However, hydraulic methods of mining are used in many placer regions 
for mining gold, tin, platinum, and other minerals. In phosphate 
mining, hydraulic methods have been widely used for stripping under 
favorable conditions. Dredge pumps and pipe have also been used for 
transportation of the material. As an excavating and transportation 
device, pressure-water methods yield the greatest output per unit of man- 
power, and costs are very low where water is cheap. The legal and other 
limitations placed upon its use are very severe and in most instances 
prohibitive. 

Dredging.—Dredging and other similar backfilling methods are 
applicable to alluvial deposits that are of the basin, lake-bed, delta, 
terrace, and river-bed types. Dredging of alluvials had its inception in 
New Zealand about 1882; it was introduced into the U.S. at Bannock, 
Mont., in 1897. W. P. Hammon and Thomas Couch placed in operation 
the first successful gold dredge in California at Oroville in 1898, since 
which time the dredge has found application in many placer regions all 
over the world. Larger and deeper digging dredges have been designed 
until at present the deepest dredging operations are 124 to 135 ft. below 
pond level; with a bank above pond level, a deposit some 150 to 200 ft. 
thick can be mined by this method. 

Two types of dredges have been used in mining, the continuous- 
or connected-bucket dredge and the suction dredge. The latter has 
never been successfully used in gold mining and is now probably no longer 
used in tin mining, where it found some application. Several different 
designs of the continuous-bucket dredge are in use. The stacker design 
is predominant, the flume design being a feature of smaller dredges used 
in Alaska and a few other alluvial districts. In the simplest type, the 
buckets ‘discharge into a flume or sluice that projects over the stern of 
the barge and discharges its tailings into the pond; another modification 
employs a revolving screen to receive the bucket discharge. The over- 
size is dropped into.a chute at the stern and the undersize is discharged 
into sluices on either side of the screen; tailings being discharged by 
tail sluices beyond the end of the barge. A third type discharges its 
screen oversize upon a belt conveyor that extends out beyond the end 
of the barge and. builds up a low pile. The flume is a metal sluice 
with longitudinal or transverse steel riffles. Dredges of this type are 
of 1.5 to 3 cu. ft. bucket capacity and are used for shallow digging, 
4 to 20 ft. below pond level. Many such dredges have been used in 
Alaska. 

Dipper and clamshell dredges have been tried out in gold dredging, but 
all except the Becker-Hopkins have been unsuccessful. Steam, gasoline, 
and diesel power have been used for the operation of dredges, but electri- 
cal power is now almost universally used. In smaller dredges, diesel- 
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engine units may be used for power. In other cases a power plant is 
constructed at a convenient location on shore. 

The dredge is constructed in a prepared excavation, which is flooded 
before operations are started. Some dredge hulls are launched into their 
ponds and the machinery installation is completed upon the floating hull. 

The Gold Dredge.—The gold dredge is a self-contained electrically 
operated digging, washing, and disposal unit, operating in a pond and 
digging below water as well as on a bank of moderate height above water. 
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Fig. 219.—Plan and elevation of a 17-cu. ft. bucket gold dredge. (Yuba Mfg. Co.) 


It backfills its pit as it advances the cut. Its machinery is mounted on a 
shallow-draft hull. The digging element is a chain of maganese-steel 
buckets carried by a ladder (plate girder or truss) with a cylindrical 
flanged lower tumbler and a shaft close to the upper hexagonal-shaped 
tumbler, which is supported by shaft and bearings carried by the framing. 
Figure 219 shows a plan and elevation of a large dredge. 

On the upper side of the ladder, the chain of buckets is supported by 
rollers at intervals and hangs beneath the ladder as a catenary. The 
ladder at its lowest digging position is usually at an angle of 45 deg. and 
when raised to its highest position is at a small angle below the horizontal. 
The upper hexagonal-shaped tumbler and its shaft are driven by one or 
two bull gears and a train of gears, motor or motors, and V-belt drives at 
a speed of 4 r.p.m., giving a bucket speed of 20 to 35 per min. A braking 
wheel and band brake are placed on one of the shafts of the gear train to 
hold the chain of buckets when power is off and when buckets are changed. 
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The buckets discharge into a hopper and chute and thence to a 
revolving screen with perforations 14 to 5 in., which washes boulders, 
disintegrates clay, and delivers a more or less dewatered oversize to the 
stacker conveyor belt (Fig. 220) upon which it is carried up at an angle 
of 18 to 20 deg. to a discharge point above the tailings pile at the rear of 
the dredge, behind the pond. Water under pressure (70-ft. head) is 
sprayed by nozzles within the screen to break up the material discharged 
by the buckets. Undersize with its accompanying water is distributed 
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Fia. 220.—Stacker and belt conveyor of gold dredge. 


over wide tables (28 to 32 in. in width, grade 12.5 per cent or more) 
equipped with Hungarian riffles, the tables being usually transverse to 
the screen axis. These tables discharge into side sluices that extend some 
distance beyond the stern of the hull and deposit fine material into the 
pond. Side spill of the buckets at the hopper falls upon the inclined 
grizzly. The undersize passes to the ‘‘save-all’”’ tables (Fig. 221), and 
the oversize drops into the pond through the well. 

The hull construction includes a well or narrow open space in which 
the ladder is raised and lowered. The well extends from a position for- 
ward of the bucket discharge to the bow of the boat. Spanning the well 
at the bow is the ladder gantry, which supports the rigging and blocks 
by which the ladder is raised and lowered. At the stern of the boat is the 
stacker gantry, which supports the stacker truss by blocks and wire 
ropes and also supports the rigging by which the heavy steel spuds are 
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Fia. 221.—Save-all tables and grizzly at discharge hopper of gold dredge. (Yuba Mfg. Co.) 
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raised and lowered. Longittidinal steel trusses support the machinery, 
stiffen the hull, and afford ties for both gantrys. 

Accessory equipment on the hull includes the ladder hoist; multiple 
winch (five to eight drums for swing lines, spud, stacker, etc.); high- 
pressure, low-pressure, and cleanup centrifugal pumps, each direct-driven 
by motor; and transformers and control apparatus. A traveling crane is 
placed over the discharge end of the bucket line, and jib cranes are placed 
at the bow gantry for handling dredge buckets. Power is brought to 
the boat by a suspended armored cable, or a cable is supported on pon- 
toons from & shore connection. A 
power-generating unit, usually diesel 
electric, is sometimes incorporated in 
the dredge design. 

Lines at the bow are operated by 
the winch for swinging the boat about 
the spud as a center when digging. 
Such lines are attached to the lower 
end of the ladder on either side and 
extend to shore sheaves, which are 
anchored to deadmen and return 
through sheaves to the winch drums. 
In some rigs the bow lines pass. from 
the drums to sheaves on either side of 
the ladder end and thence to anchor- 


Fic. 221a.—Rivetless lip gold-dredge y i , 
packets 16.5) cul fe. wolkhet 2,738 Ip Le Bee 08 shore. All controls of winch 


bushing 56 lb., pin 330 Ib., total 3,1211b. - drums, ladder hoist, brakes, and other 


Wisler, Amert Manganese Steel Co. . . 
OU ELC SAUER ieee Scat a machinery are concentrated in the 


operating room of the dredge, which overlooks the bow of the -boat, 
the bucket line, and the pond at the bank cut. ' Two stern lines are used 
for shifting the dredge, but these are slacked off when the dredge is 
making a cut. The dredge can also be walked forward by using the 
spuds alternately if two are provided. In other cases a separate head 
line is used. | In-river dredging the head line is generally used. 

Gold dredges are rated according to bucket size, and their proportions, 
power, and other design features depend upon this as well as depth of 
digging, kind of gravel, digging conditions in general, and climatic 
conditions in which they are to be operated. Dredge design is standard- 
ized as far as possible, but the important features of the dredge are in 
accordance with its particular work. Bucket sizes are 114 to 214 cu. ft. 
onthe smallest and 3, 5, 6, 714, 9, 10, 1344, 15, and 18 cu. ft. on the 
larger dredges. Buckets are bowl-shaped and are made with replaceable 
lips held by two bolts (Fig. 221a). They are joined by massive bucket 
pins of alloy steel. Bucket eyes are bushed to allow wear replacement. 
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Depth of digging, which is a controlling feature, ranges from 4 to 
124 ft. below pond level. Ladder length is dependent upon digging 
depth and maximum ladder angle. The deepest digging on record is by 
a 12-cu. ft. dredge described by F. G. Payne, which recovered tin from 
120 to 135 ft. below water lint. The ladder length of this dredge is 195 ft. 
Yuba 20, a California dredge, has a digging depth of 124 ft. at a ladder 
angle of 45 deg. and a ladder length of 216 ft. The cost of a dredge is 
closely related to bucket size and digging depth and whether wooden or 
steel hulls are used. A dredge of the Yuba 20 type (18 cu. ft.) represents 
a prewar cost of about $1,000,000. 


TaBLE 103.—ExamMpLes oF DrepaGss 


Bucket capacity, cu. ft. 3 5 10 4.5 18 
Bucket speed, buckets 

CTEM Manet Bereta. 26 22 22 32 21 
Hull dimensions, ft..... 85 X44 X 6/110 K44 —W|167 X74 X 12/90 X41 X7/250 X80 X11 
Digging depth, ft...... 20 40 60 20 124 
Buckets in line....... 65 81 106 76 135 
Stacker length, ft...... 80 100 110 85 225 
S pudaleno this itrep mre see lei: eles ae [hn WANs ccags hance ts] emia: eae! 44.6 70 
Number of spuds...... 2 2 2 L — 10¢ 2 
Screen size, ft., dia. and 

Their eee meas. ake a oe 5 X 80144}|- 6 X 36 9X59. 15 X 3244) 9 x 50% 
Table area, sq. ft... :.. 1,260 1,085 pel Oe lloes chy aeteee 6,000 
High-pressure pump, in. 8 8 14 8 14 
Low-pressure pump, in. 8 Sra 8 8 14 
Capacity of pump, 

ARI MADR Re Metre once et: 2,000 2,000 6,000 2,500 5,500 
Power load, hp........ 177 285 300 335 275 
Bucket.drive, hp....... ho 100 300 100 (2) 800 
Average daily yardage. .| . 2,800 3,500 8,000 4,400 12,000 


Norr.—First three are Fairbanks Exploration Alaska dredges; the fourth is a French Gulch dredge 
(data taken from Mining World). The fifth is Yuba 20, description by H. Sawin in Engineering and 
Mining Journal. W is wooden hull; all others steel hull. The French Gulch dredge was constructed of 
pontoons. J—16 jigs were installed in addition to tables. In addition to high-pressure and low-pressure 
pumps, most dredges are equipped with a stand-by and other pumps. Yuba 20, in addition to the 
two main pumps, was equipped with a 6-in., 1,100-g.p.m., 112-ft. head pump; a 4-in., 450 g.p.m., 65-ft. 
head’ pump; and a 2-in, service pump. The cost of Yuba 20 was said to be $1,000,000 and its weight 
some 3,700 tons. > 


In the deeper digging dredges an idler pulley 9 ft. in diameter is 
placed beneath the ladder just below the bucket discharge so as to give 
bucket clearance at the hopper and to prevent slack buckets from dragging 
upon the bottom. On very deep-digging dredges the catenary is sup- 
ported approximately at mid-point to avoid excessive bottom drag and to 
distribute weight. The Perry idler, invented by O. B. Perry for this pur- 
pose, is some 10 ft. in diameter and weighs 40 tons with its attachments, 
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Yuba 17, with 112 ft. depth of digging, has a bucket line of 126 buckets, 
each weighing 214 tons, and a total weight of 315 tons. A Perry idler is 
used on this dredge and also on other deep-digging California dredges. 

Three types of hull are in use. The wooden hull is most suitable 
for use in arctic and subarctic areas and the steel hull for tropical condi- 
tions. Most dredges are now constructed with steel hulls. The pontoon , 
type of steel hull is widely used, especially where the deposit to be dredged 
is small and it is planned to dismantle and reerect the dredge upon another 
area after exhaustion of the first. The first pontoon-type hull, con- 
structed by Yuba in 1933, was for a Montana property. The hull 
consisted of 33 pontoons, electrically welded and then bolted together 
and provided with reinforcement at points where machinery and frames 
are supported. Pontoon construction reduces both labor and time in 
erection and in dismantling. Approximate hull sizes are given in Table 
103. 

A-c power is almost always installed. There are some d-c installa- 
tions with Ward-Leonard control. Power requirements vary with the 
size of the dredge and the depth of digging. A 3-cu. ft. dredge has an 
installed horsepower of 159; a 9-cu. ft., 567; an 18-cu. ft., digging 80 ft., 
1,850; the Yuba 20, 18 cu. ft. and digging 124 ft., 2,200. Digging power 
requirements range from a low of 0.62 kw.-hr. for shallow easy digging 
with low bank up to 2.4 kw.-hr. per cu. yd. for more adverse conditions. 
For ordinary conditions the range is from 1 to 1.5 kw.-hr. per cu. yd. 

Dredge capacity depends upon the kind of material dug. Loose free 
gravel gives maximum capacity, and compact cemented gravel, imbedded 
in stiff clays with large boulders in excess, gives lowest rates. Bucket 
speeds, which ordinarily range from 20 to 30 buckets per minute, is 
another factor. In some recently constructed dredges, with variable- 
speed motors or d-c motor drive, bucket speeds up to 38 per minute have 
been or can be used. Bucket speed and dredge capacity are also tied in 
with recovery. Maximum yardage that can be efficiently treated upon 
tables or jigs with minimum loss in tailings is the prime objective, not 
maximum digging. Operating time ranges from 75 per cent or less under 
difficult digging up to 93 per cent under favorable conditions. Dredge 
capacity ranges from 600 to 800-cu. yd., place measure, per cubic foot of 
bucket capacity, with operating time 80 to 85 per cent of total time. 
Very deep digging gives lower capacity; an 18-cu. ft. dredge has a normal 
capacity of 12,000 to 15,000 cu. yd. per 24 hr., but when digging at 
124 ft. depth, the capacity is reduced to 10,000 cu. yd., largely because of 
the inability of the operator to determine the digging feel of the buckets 
at such depths. Likewise, shallow digging gives lower capacity, as the 
frequency of stepping ahead is greater. Undermining and by-passing 
valueless gravel in the bank by laddering over gives greater area covered 
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than normal, although some of the by-passed gravel on the bedrock is 
necessarily dug and passed through the dredge. _ 

Dredging costs vary with the size of the dredge, depth of digging, 
compactness of gravel, proportion of boulders, efficiency of the dredge 
crew, power cost, repair and replacement costs, and climatic conditions. 
For smaller dredges in California costs range from 6 to 8 cents per cubic 
yard; larger dredges operate at about 3 to 5 cents per cubic yard. For 
deep digging, lowest costs are at 100 ft. in depth and for deeper digging 
the cost gradually rises. Under Alaskan conditions with short seasonal 
operation, small dredges, and thin deposits, Wimmler gives operating 
costs from 15 to 35 cents per cubic yard, with 15 to 18 cents per cubic 
yard for well-managed properties. For Nome, where thawing may be 
necessary, the cost is estimated at 23 cents per cubic yard for a seven- 
months season. 

A single-bucket dredge, the Becker-Hopkins, has recently been placed 
on the market. It is suitable for shallow deposits, 8 to 10 ft. in thickness. 
The dredge consists of a barge carrying a revolving screen, tables, stacker, 
and other accessories. Forward is an A frame and well. The bucket is 
scoop-shaped and carried at the end of a U-shaped telescopic trough, 
which is raised and lowered by blocks and wire rope supported by the 
A frame. The bucket is lowered into digging position, then raised, its 
contents sliding through the U-shaped trough to the screen at its rear. 
It is held against the face by cables. The cut is deepened by successive 
thrusts until bedrock is reached, when the barge is swung into a new posi- 
tion and a series of cuts is made to bedrock. One- and two-cubic yard 
buckets represent the sizes now used. A l-cu. yd. dredge of this type 
is said to have attained a maximum digging capacity of some 170 cu. yd. 
per hr. Only a few dredges of this type are in use. There is little 
information about its capabilities, but there seem to be possibilities for 
it on small placer deposits. 

Dredge Operation.—The operation of the continuous-bucket dredge 
consists of stepping ahead 6 ft. or more with the ladder elevated, then 
swinging the dredge by the bow lines at 30 to 50 ft. per min. about the 
fixed spud as a center, cutting the top portion of the bank in an arc 
the width of the pond or of the cut. The ladder is lowered sufficiently 
to obtain full buckets, 44 to 114 ft., and the dredge is then swung back 
over the arc. The swinging of the dredge from side to side with succes- 
sive lowering of the ladder is continued until the lower limit (bedrock) is 
reached (see Fig. 222). The bedrock is cleaned up, the ladder is elevated, 
and the dredge is stepped forward to begin a new cut.. A line of full 
buckets indicates digging at full capacity. The winchman who controls 
' digging adjusts his ladder, lowering it to keep the buckets full while main- 
taining the full speed of swing; he judges digging conditions by the opera- 
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tion of the bucket line. When operating against a bank above pond level 
the dredge undermines the bank and caves it into the pond, or a hydraulic 
giant is sometimes used to cave and gradually work down the bank: 
Banks up to 50 ft. above pond level have been handled in this way. In 
river-bed placers a head line is necessary where water currents are swift. 

Often a parallel cut is made alongside the first (Fig. 223) and thus 
a pond of twice or more the width of the first cut is carried in wide 
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Fic. 223.—Plan of dredge cut. (After J. P. Hutchins.) 


deposits. The width of the deposit sometimes controls pond width; in 
other cases a pond 500 ft. or more is carried; in very deep digging, a wide 
pond is necesary on account of the length of the dredge and the necessity 
for maneuvering space. On wide deposits the dredge operates across 
the width of the deposit, turns at right angles, and cuts along the length 
until sufficient space has been excavated for turning. Then the next cut, 
paralleling the first, is started alongside the first. 

In narrow deposits the dredge makes only one cut. This may be 


left of the middle. 


478 ELEMENTS OF MINING 


upstream or downstream depending upon local conditions, but preferably 
upstream. Under such circumstances dredge cuts follow the pay 
channel, the position of which is established by previous sampling. 
River operations are controlled by the conditions of the bedrock and 
the stream. In bench areas dredges have been worked upgrade by 


depositing material in dams below the dredge cut so as to maintain a high 
pond level. 
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Fie, 224.—Vertical and horizontal cutting arcs of bucket line for successive positions of 


spud. 


The angle of swing in finishing a cut is about 60 deg. to the right or 


The radius of cut is the length from spud center to 
bucket lip, and the cut advance may be from 6 to 15 ft. It is obvious 


that the radius is at the maximum when the ladder is raised to its upper- 
most position and is least when at its lowest reach with the ladder at a 
45-deg. slope. <A 100-ft. length of ladder gives 70 ft. at a 45-deg. slope 
(see Fig. 224). The bottom cleanup area is less than the top-cut area. 
Parallel cuts will thus leave a ridge in the pond bottom at the sides of the 
cut unless the angle of swing is increased at the bottom of the cut so as to 
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dig corners and side ridges. The winchman can tell by the feel of the 
buckets or by the ammeter readings when he has cut through the ridge 
or corner at the side. 

With high banks above pond level it may be difficult to make a swing 
sufficient to cut corners, and under such circumstances dredge cuts have 
to be overlapped sufficiently to take out intervening ridges. Soundings 
are taken for pond depths at one or more points during each shift and are 
reported by the winchman. At each cleanup or at least once a month 
the surface position of the cut is surveyed from the coordinate points 
that are established at 100- to 200-ft. intervals in both directions; flags 
give line points for the guidance of the winchman. Yardage is computed 
from average depths obtained from soundings and area advanced in a 
given time. 

Deadmen or shore anchorages are changed at intervals. They may 
be placed as close together as 100 ft., or under favorable conditions may 
be 1,000 ft. apart with a bridle rig between. The bridle rig enables the 
bow-line attachments to be shifted as needed without change in the 
anchorages. In working wide areas, deadmen are placed well away from 
the pond and a long lead line is used. The size of the dredge, the material 
being- dug, and the depth influence the width of the cut; a 6-ft. dredge in 
25- to 30-ft. digging depth will give a minimum width of 140 ft. and usual 
widths of 200 to 210 ft.; a 1714-ft. dredge, minimum width 200 to 210 ft. 
and usual widths 250 to 350 ft., according to depth and tailing disposal 
(G. 8. Dyer). Cleaning up the bottom depends upon depth and number 
of buckets dragging upon the bottom; from 4 to 8 buckets drag at 25 to 
35 ft. depth, and 8 to 10 at 90 ft. Stepping-up distance is dependent 
upon ground, depth, tailing disposal, and bottom cleanup. Anchorage 
footing for holding the spud may sometimes be insufficient, and under such 
circumstances the dredge operator diverts the screen discharge through 
the chutes at the stern until sufficient spud anchorage has been built up. 

Tailings are deposited on the pond bottom beyond the stern of the 
dredge and the screen oversize is stacked beyond the pond at a height 
limited by the stacker length and slope. Shoaling of the pond beneath 
the dredge is sometimes produced by excessive amounts of fines, or it 
sometimes results from the superimposed weight of coarse tailing crowd- 
ing the fine sand tailing forward, especially where much clay is present in 
the fines. 'Two methods are in use to prevent this trouble: In one, the 
table tailings are delivered into sumps from which bucket elevators ele- 
vate the partially dewatered sands high enough to be delivered to the 
stacker conveyor; in the other system, sand wheels dewater and discharge 
the sand upon the stacker belt. 

A water supply of 1,000 gal. per min. or more is required to maintain 
pond level in dredging. Total pond inflow is also dependent upon the 
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yardage dredged per day, the porosity of formations enclosing the pond, 
and sometimes upon the necessity of diluting the slimes that accumulate 
in the pond. The dredge draws its supply for washing from the pond 
and all this returns to the pond except the relatively small amount 
retained on the oversize material. Pond level is maintained by weirs 
and ditches, and pumping may be necessary. 

Very deep digging has its own peculiar problems. Below depths of 
60 ft. the bucket catenary requires additional support; and the use of the 
Perry idler to divide it into two parts has improved mechanical operations 
of the dredge. Longer hulls are used for deep-digging dredges, and this 
entails an intermediate conveyor belt between the screen discharge and 
the stacker belt. Slumping of pit walls also sometimes occurs, and this 
possibility requires close control of digging operations at all times. 
Where much fine material is encountered, the fines assume such a flat 
slope as to run back along the bedrock to the digging position. The 
redredging of this material cuts down capacity and lowers recovery 
relative to yardage to an embarrassing and sometimes a mystifying 
extent. Frequent soundings are necessary to discover this condition. 
Yuba’s mud pump overcomes the difficulty. The suction take-off is 
behind the digging position and the suction pipe is attached to the ladder; 
the special centrifugal and its direct-connected motor are on the deck 
close to the well, connections being made with pressure hose; the discharge 
line is carried to the stacker end; and the effluent is thrown well beyond 
the top of the rock pile or sent to a distant sump. 

Difficult digging, tight ground, cemented gravels, and a large pro- 
portion of boulders are overcome by changes in dredge design. For 
difficult digging, a heavier ladder, heavier spuds, and oversize drive are 
used with a smaller and heavier bucket. Heavy wearing plates are 
placed on the bottom of the ladder so as to permit it to ride upon the 
bucket line in tight ground. A somewhat longer bucket pitch and a 
flattened bowl-shaped bucket with lip design that prevents wedging of 
boulders between buckets are employed with large, angular boulders. 
Rock eliminators are used to by-pass large boulders at the discharge 
point; and where this is impracticable, heavier screen plates and closer 
spacing of stacker-belt rollers enable such stones to be passed through 
the screen and up the stacker to the tailings pile. Difficult digging 
reduces the life of buckets and lips and increases the general wear and 
tear on dredge equipment, thus increasing costs materially. In earlier 
operations tight ground with many boulders could not be handled but 
better dredge design and construction have overcome many of these 
difficulties. Irregular bedrock, pot holes, and pinnacles of bedrock are 
other sources of trouble. 

The gold dredge has been highly developed as a machine, and modern 
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designs more than fulfill the tasks imposed upon them. C.M. Romano- 
witz is of the opinion that in the dredge of the future electronic devices 
will be applied to give better control in overcoming variations.in digging 
conditions, to utilize electric power more completely, and to operate 
safety controls when the bucket line strikes submerged objects such as 
boulders and logs. Such devices will be particularly applicable to deep- 
digging dredges. 

Auxiliary excavation equipment has been found advantageous in 
some recent dredging operations. At Lancha’ Plana (California) C. 
Patmon made use of tractors for stripping and tailing disposal in con- 
nection with dredging operations. At Manhattan (Nevada), according 
to N. Cleveland, tractors, bulldozers, scrapers, and carry-alls were used 
to strip overburden and draglines were used to clear tailings away from 
the dredge pond. A higher channel, out of reach of the dredge on a 
bench alongside the dredge cut, was stripped of its overburden, and the 
bedrock gravel, 10 to 15 ft. in thickness, was excavated by scrapers and 
dumped in the path of the dredge. 

Frozen Ground.—In arctic and subarctic regions gravel may require 
thawing before it can be dredged. At Nome, Fairbanks (Fig. 225), and 
Dawson cold-water thawing technique has been highly developed. 
Present methods involve dragline excavation where ground is not frozen, 
and hydraulicking and washing away frozen muck that often lies above 
gravel beds. Thawing requires a water supply, a pipe system for its 
distribution, pumps, and accessories. Points, double extra-strong 34-in. 
pipe with steel chisel-shaped ends, perforated for water circulation, are 
driven into the gravel in 10-ft. lengths. They are connected to water- 
supply pipes by lengths of hose. The points are manipulated into the 
gravel, the circulating water thawing the ground sufficiently to enable 
short depths to be attained from time to time. Points are spaced at the 
apexes of equilateral triangles, usually 16 ft. on aside, though spacing at 
12 ft. is sometimes required. Driving is done by hand with a 25-lb. 
hammer that encircles the pipe and strikes against a hinged anvil. The 
anvil is bolted to the pipe and is equipped with wooden handles for turning 
the pipe. The point driver takes care of 20 to 30 points, driving each 
pipe to the depth of the thaw at intervals as required. 

A unit area with its pump, sump, screen, and pipe distribution com- 
prises from 1,200 to 1,500 points. At Fairbanks, point drivers average 
10 ft. per man-hour and water flow 4 to 5 gal. per min. per point. The 
period of thawing ranges from 3 to 10 weeks; water duty approximates 10 
cu. yd. per miner’s inch per day. Gravels more than 50 ft. thick are 
drilled in winter by Keystone churn drillers using 3-in. bits. At 
Dawson, driving rates are 2 to 15 ft. per man-hour and water duty 5 to 
15 cu. yd. per miner’s inch per day. The capital expenditure for pumps, 
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power plant, pipe, hose, and water supply is very large. At Dawson, 
McFarland states that the capital investment for nine dredges, stripping 
and thawing equipment, power plants, buildings, and ditches represents 
$6,500,000. In 1938, overburden stripped was 2,818,000 cu. yd.; 
ground thawed, 4,141,000 cu. yd.; and ground dredged, 8,551,000 cu. yd.; 
power used was 28,073,000 kw.-hr. 

The recovery of valuable minerals in placer operations follows much 
the same pattern everywhere. After digging comes disintegration, as 
thorough as possible, and then the separation of coarse oversize by a 
revolving screen, grizzly, flat screen, or other method. Clays are 
difficult to disintegrate, as they must be broken up and dispersed in 
water for thorough separation of the heavy particles. Beaters, log 
washers, or special tumbling sections on revolving screens are sometimes 
necessary. Clay lumps often go through to the tailings pile, and hence 
examination of the material there furnishes the clue to the efficiency of 
disintegration. The presence of nuggets requires tail-screen sections 
with larger perforations than the conventional 3¢- to 5¢-in. size, and a 
larger undersize is delivered to the tables at these points. 

Treatment of fines is by save-all tables and Hungarian riffled tables, 
by diaphragm-type jigs, rarely by Ainley bowl, or by both jigs and tables. 
Quicksilver is used to improve retention of fine gold by amalgamation. 
Flour gold is difficult to save. Overloading of tables or jigs by rapid 
digging speed is avoided. 

The proportion of undersize ranges from 30 to 80 per cent of the total 
gravel. Riffles and jigs pass on the greater part of the undersize, but 
some is retained along with the heavy minerals, gold, amalgam, and 
quicksilver. The upper riffles are removed first in the cleanup and as 
much of the sand as possible is washed down over the lower riffles; then 
the heavy product is gathered up and taken to the cleanup plant, where 
gold and amalgam are separated from the black sands by pan, rocker, 
concentrating tables, or other methods. Tin concentrates may be 
further cleaned on concentrating tables. Platinum and black sand that 
carries value may be by-products of gold dredging, and in rare instances 
tungsten concentrates and gem or industrial stones are obtained. 

Dragline Dredging.—Dragline dredging involves two separate 
units, the first the digging unit or dragline excavator and the second a 
barge upon which is carried a receiving hopper and its grizzly, a revolving 
screen, riffled tables, stacker and conveyor for screen oversize, pumps for 
water supply, and a diesel or electric motor for power. The excavator 
operates upon the bank above the pond in which the barge floats. This 
pond is smaller and much shallower than that for the continuous-bucket 
dredge (see Fig. 226). Bow and stern lines and small hand winches 
control the position of the barge and enable it to be moved into receiving 
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position. The excavator digs with its bucket under water, elevates the 
loaded bucket, and swings it over the hopper, where it is dumped; about 
two buckets per minute is the usual speed. Jets of water wash the 
material upon the hopper grizzly and carry undersize to the screen, which 
delivers its undersize to the riffled tables and its oversize to the belt 
conveyor of the stacker. Both units are mobile; operating man power is 
on a minimum basis, three men per shift, although other labor units are 
required for repair, stripping, and other work. The capacity of the dig- 


Fig. 226.—Dragline dredge and pond. (Bucyrus-Erie Co.) 


ging unit is high but relatively less than that of the dredge. A tread 
tractor with bulldozing blade is a necessary auxiliary for stripping, brush 
clearing, leveling, and other similar work. 

The dragline in combination with the floating washer was devised 
by J. P. Hutchins and first used in 1911 near the mouth of the Amur, 
eastern Siberia. In 1932, the Wyandotte Gold Dredge Company 
built its first dragline dredge in California, since which time some 200 
dragline installations have been placed in operation in numerous placer 
districts. Next to the continuous-bucket dredge, the dragline dredge is 
the most widely used method for working small placers where low sluice 
grades or other reasons prohibit hydraulicking. 

The dragline excavator is tread-mounted and provided with diesel 
or electric motor drive. Size range is from 34- to 114- cu. yd. bucket 
size and boom lengths 45 to 60 ft. The majority of operations make use 
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of an excavator with 2- to 3-cu. yd. buckets and 60- to 75-ft. booms; the 
largest are equipped with buckets 5, 7, and 14 cu. yd. capacity, the booms 
ranging up to 185 ft. for the 14-cu. yd. bucket unit. Two types of buckets 
are favored, the Page and the Esco. Both are equipped with replaceable 
digging teeth. Most draglines are equipped with buckets of two sizes, 
one for average digging and the other and smaller one for hard digging. 
The excavator swings a full circle, 4 r.p.m. The bucket can be lifted 
vertically and swung beyond the vertical when dropped; it can be drawn 
along the bottom of its cut and in a curving slope upward to the level upon 
which the machine rests; the boom slope can be varied from 15 to 70 deg. 
A 1-cu. yd. dragline, boom length 50 ft., has a dumping radius of 30 to 
35 ft., a dumping height of 32 to 35 ft., and a cut below grade of 15 to 
18 ft. A 2-cu. yd. 70-ft. boom has respective dimensions of 55, 43.5, 
and 22.6 ft.; a 2.5-cu. yd. 90-ft. boom, 80, 43.75, and 54.75 ft. Crawler 
travel speed is 11g m.p.h. 

Power-shovel manufacturers also supply dragline excavators, as 
both machines have many features in common. Width and depth of cut 
depend upon boom length. Most gravel deposits mined by dragline 
dredging are from 10 to 15 ft. in thickness, but excavators are made to 
dig to much greater depths. The width of cut is slightly more than 
double the dumping radius. The engine on a 114-cu. yd. bucket excava- 
tor with 60-ft. boom is a 102-hp. diesel. The normal bucket speed is 
two buckets per min. or 150 cu. yd. per hr. Buckets take about three- 
fourths of the rated capacity. 

Barges are constructed of steel or wood, preferably of steel. The 
pontoon type of steel hull is now common. Smaller barges are 30 by 
40 ft. by 3 ft.-depth and draft may be about 2 ft. The largest hull 
constructed for this purpose was installed near Dayton, Nev., and was 
approximately 50 by 106 by 7 ft. It was constructed in 13 steel pontoons 
and weighed 770 tons with equipment. The 12-yd. dragline, 185-ft. 
boom, excavated to a depth of 87 ft. below pond level from a bank 30 ft. 
above pond level. 

Screen, table, and stacker design follow closely the standards estab- 
lished by the continuous-bucket dredge. Figure 227 is a plan of the 
washer. In some installations jigs have taken the place of tables, and 
Ainley bowls are sometimes installed“as gold savers. One of the first 
Wyandotte dredges, described by J. F. Magee, had a wooden hull 40 in. 
deep and draft 25 in. when fully loaded and displaced 65 tons. The 
equipment of this barge included the following: A steel receiving hopper 
of 10 by 10.5 ft. with a rail grizzly, bar spacing 14 in., hopper-bottom slope 
25 deg. to screen chute and 30 in. wide; the screen, 48 in. in diameter by 
25 ft. in length, welded construction, holes 3 in. on 1!<-in. centers and 
operated at 14 r.p.m; a table area of 537 sq. ft. of which 480 sq. ft. was 
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effective riffle area arranged in seven cross sluices of 27-in. inside width 
on each side of the screen, which discharged on a grade of 14 in. per ft. 
into side flumes projecting 12 ft. beyond the end of the barge; a stacker 
with 24-in. belt, 45 ft. in length; a centrifugal pump with 7-in. discharge 
and a capacity of 1,200 gal. per min., of which 85 per cent went to the 
screen, 14 per cent to two nozzles in the hopper, and 1 per cent to a 
skimmer jet that cleared surface trash away from the pump-suction inlet 
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Figs. 227-228.—Elevation of barge and stacker; plan of barge, dragline dredge. (Mining 
and Ind, News.) 


screen; a diesel power unit, 50 hp., driving by leather belt countershaft, 
and screen, pump, and stacker by belt or chain drive; a 1,500-watt 
lighting unit; and a 8-in. centrifugal cleanup pump driven by gasoline 
engine. 

Magee gives an estimate of the water-sand ratio when digging at 
maximum capacity of 214 cu. yd, per min: Assuming 40 per cent sand 
tailings and 60 per cent rock tailings, the sand flow amounts to 1 cu. yd. 
per min. and the water flow of 6 cu. yd. per min. gives a 15 per cent sand 
content of the pulp. The total length of the barge from hopper to end 
of stacker is about 75 ft.; the dragline cut and the pond are each about 
70 ft. in width. 

For successful dragline dredging a heavy bucket is essential. C. 
Thurman states that a 114-yd. bucket should weigh not less than 314 tons 
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and a 414-yd. bucket 9 tons for effective digging. Replaceable teeth 
are an essential feature of bucket design. He also states that deposits 
are best worked by this method in narrow strips, 12 to 20 ft. in width, 
across the width of a deposit, the strips being taken in sequence upstream. 
In starting a new cut at the side of the pay area, the cut is made in the 
new strip and the bucket is also worked over the bedrock of the previous 
cut in diagonal sweeps. The pond parallels the bank slice; on the return 
cut the bedrock is worked in diagonal sweeps at an angle to the sweeps 
of the previous cut, thus working the bedrock in two directions, each 
crossing the other. Thurman finds that much of the success of dragline 
dredging depends upon working down bedrock as deeply as possible, as 
the principal pay is on, in, or close to bedrock. He also advises operators 
to dump the bucket, no matter how little its load, on each sweep and 
never to return the bucket to complete a full load. 

Portability of equipment and low capital cost are advantages of 
dragline dredging. Equipment of the Wyandotte dredge, according to 
Magee, cost as follows: Dragline, 114-yd. bucket, 60-ft. boom, $18,000; 
washing plant, $12,000; accessory equipment, $10,000; total, $40,000. 
This outfit dug 557,764 cu. yd., 9.5 ft. average depth, from Apr. 5, 1935, 
to Jan. 1, 1936, or an average of about 60,000 cu. yd. per month, at a total 
cost of $50,406.48, or 9.04 cents per cubic yard. C. V. Averill gives 
costs for two plants in California: A 114-cu. yd. dragline with diesel power, 
$50,000; and a 3-cu. yd., electric power, $71,000. He also gives direct 
operating costs, Table 104. 


TABLE 104.—DRAGLINE-DREDGING Costs 
(C. V. Averill) 


Diesel Diesel Electric 

Wraglmerbucketecus yduinceda, (cen etre 5 1h ais) U5 3 
Expense per cu. yd.: 

1 rea¥ a UAVS Guns cece Sidea waeo tea a Ree Cre, Oo ca $0 .021 $0 .023 $0 .012 

IV Vik cna eee ete ea a sierers ony Aroie, sk .019 .020 .013 

(Geeta Perera dh ine See NE th a es sn | .025 .028 .014 
MROtalleo DELatin g wren verity a tease. 0.065 0.071 0.040 
ID GyoRHOENG TON pe tn .g ep nape en eine eine Ghee 015 .018 009 
MRO va RCOS MRE E a trrt ORE tin ace nia ie cio BO. O80 $0 .089 $0 .049 
Per cent total time operated............... 49.6 56.8 61.2 
Cteey emp ers Dien sie cinteis otk eerie rg eaayite 181 133 260 
OOS UROMMOTA DINER Ran lever Ne ORES vom acashe ty Raw hs ae eats $22,000 $30,000 
WOStLOMULE CUO EAA: vis RE MUN Niece i teas nalts eoaeat 6,500 8,000 
WS OMOAT LORE scary GAMO eeR AE ays, . opie ets 20,000 28,000 
Cost; miscellaneous? |v. shu. 500 w- Tey elves Lee ER 1,500 | 5,000 


Norr.—Operating crew 13 men, as follows: 3 on dragline, 1 oiler, 6 on barge, 1 on tractor, 1 mechanic, 
1 extra. : 
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Table 105 is another example of cost. 


Tasie 105.—Oprratine Cost, 3-yp. DRAGLINE 
(H. S. Lord, American M ining Congress) 


Detail Amount Cost, cu. yd. 

Pay,rO gets yor eee ne Peed eel eee $33,800 $0 .0264 
IREPSIrs? fae atts Teen eta ee a yaaa 10,700 .0086 
Gas toils\-filelse qetauce. Bie eas eee tis 8,600 .0069 
Commpensationvetc Mix aren, ere ae eer 2,800 .0023 
Other expenses= Miele). wot eect ee eee 3,800 .0030 
Ansunance am ditaxesy vase nel crore togeeietae 1,200 .0009 
Calblesetice sere tect tat a Seow te oh ips ge teem cue 800 .0007 
Welding material......... SrA att eee CN 700 .0006 
reiglitaandy Gxpress mer mee aoe ietae oe eetens re oa 400 .0003 
Totaleneld- cost). aa taeeinet tetera eee ca: $61,800 0.0497 
Depreciation shantnck tone een e a ata erebia sts 25,000 0.0201 
Genetaloiiice case se ts phe tee aes eee 5,000 0.0040 

$91,800 $0 .0737 


Norr.—Direct costs for 3-cu. yd. installation handling 1,243,000 cu. yd. in 333 working days in 
1 year; no interest, income taxes, prospecting, moving expense, or royalties are included. 


Operating or digging time in proportion to total time is far lower than 
for the continuous-bucket dredge, ranging from 50 to 65 per cent of the 
total time. Objections have been made to dragline dredging on the 
score of incomplete bedrock cleaning, and undoubtedly this is a funda- 
mental weakness of many operations. There is often difficulty in washing 
where clays are encountered but this is overcome by changing the screen 
design and incorporating baffles and lifters in the upper nonperforated 
section of the screen so as to increase its disintegrating effect upon the 
material delivered by the hopper. The dragline is highly important 
and successful in working small, shallow deposits or steep gulches where 
scarce water and low bedrock grades preclude other methods. Its port- ° 
ability is of great advantage. 


TasiLE 106.—AppROXIMATE Cost oF DRAGLINE Drepa@r EQquipmMENT 
(H. S. Lord, American Mining Congress) 


Dragline bucket, cu. yd... 114 2 3 5 12 
Boat capacity, cu. yd. per 
CASE Homtasrs Sree 1200—1500|2000—2500|4000—5000/5000—6000 10,000—12,000 

Draglineet se. son seers $25,000 | $36,000 | $53,000 | $90,000 $250,000 
Boataan saree cee cba 20,000 28,000 50,000 | 100,000 200,000 
A wiobucketser mamicer crs 3,600 4,400 5,200 9,000 20,000 
Welders os far, er sear 1,000 1,000 1,000 1,000 1,000 
HiCLGESNOD ia re sisnene tere: 1,000 1,000 1,500} 3,000 10,000 
Bulldozers. enn ener 7,000 10,000 10,000 10,000 10,000 
Trucks and miscellaneous. 2,000 2,000 3,000 5,000 10,000 
‘Totaly en see tee $59,600 | $82,400 |$123,700 |$218,000 $501,000 


ee eee 
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Approximate costs of dragline dredge equipment for various units 
are given in Table 106. Diesel power is widely used in dragline opera- 
tions principally because of the cost of bringing electrical power to the 
scene and because of the comparatively short life of the individual proj- 
ect. The portable character of the equipment makes it possible to 
arrange for a number of individual areas and then to work them in 
succession by moving the equipment, or as much of it as is economical 
to move, from one area to the next. To give an idea of the machinery 
costs, data from several sources, principally Information Circular 7013, 
U.S. Bureau of Mines, have been collected and presented in Table 107. 


Taste 107.—DirseL Equiement Usep in Puacer Pits anp DRAGLINE-WASHER 
INSTALLATIONS—APPROXIMATE OR List Prices 


Bucket capacity, cu. yd. 
Equipment 
34 1 14 2 3 

Diesel shovel: 

INE CemUOiSt cet os wera dacs o% $10,000 | $16,000 | $22,000 

NOSAalistngenie oe eee olan eeesee 10,000 12,000 16,000 
Dragline: 

BOonaplempthivet taymecereas eis 30 45 30 45 85 

MOS DaTStaemen en er en atele Fy oeea s $9,300 | $11,000 | $138,700 | $17,250 | $48,400 
Niashimoeplaiit mimetic merci cteell aries esis Ulli wegs see 15,500 19,000 22,500 
Wooden: pnt gyecteare eel. Ag | aero aren (cea 1,600 1,860 1,850 


Norr.—List prices of diesel engines for 1935, based on continuous horsepower, were as follows: 
95 hp., $3,950; 76 hp., $3,600; 59 hp., $2,737; 48 hp., $2,487; and 36 hp., $2,023. 

List prices of diesel-electric generators were $5,516 for 60 kw., 3 phases, 60 cycles, 900 r.p.m.; $4,192 
for 40 kw.; $3,198 for 25 kw. 

List prices of diesel tread tractors for 1937 were $7,325 for 95 hp., with bulldozer $1,230 to $1,700; 
$5,300 for 60 hp., with bulldozer $1,040 to $1,260. 
Small diesel power shovels are included, as they have been used in placer 
projects where stationary washing plants have been installed. 

Excavator, Portable and Stationary Washing Plants.—The possi- 
bilities of excavation by power shovel and transportation by truck to a 
stationary washing plant have attracted placer operators at various times 
but the introduction of transportation units and the necessity of main- 
taining pit roads and ramps increase the costs greatly. Provision for 
dumping space is another difficulty. However, with rich enough gravel, 
say 50 cents per cubic yard, such equipment may be made to pay. The 
combination of stripping overburden by tractor-tread scrapers, power 
shovels or dragline excavators for gravel mining, and trucks for transporta- 
tion is another that has been tried out and has some good points. Many 
such combinations are not successful either on account of low-grade gravel 
or too small a deposit to carry the capital expense for such equipment. 
The most successful of dry-pit operations is the combination of semi- 
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portable sluice and dragline excavator. An installation of this kind 
makes use of a 100-ft. steel sluice with head box and inclined grizzly, 
mounted upon an 80-ft. light steel truss attached to heavy skid timbers, 
the height being sufficient to get dumping room at the side for the boulders 
and space for tailings at the end of the sluice. The prolong of the sluice 
is carried by a steel A frame and wire ropes. 

A diesel-operated centrifugal is mounted beneath the head box and 
supplies water to a nozzle. This directs its stream from a position along 
the sluice into the head box, where the water churns up the gravel and 
disintegrates it, after which it flows down the sluices to the tailings sump. 
The water is returned to the pump through a slip-joint suction pipe. 
The-washing unit is placed on one side of the area to be mined and a cut 
about 60 ft. in width is made by the dragline. When the cut is completed 
the sluice is moved upstream and a new cut is started. In wider deposits 
the sluice can be moved laterally instead of longitudinally. There are 
many variations of this combination. One employs two draglines, one 
for the excavation and the other to stack tailings over a wider area. 
An accessory is a heavy claw-shaped rake used to break up the bank and 
separate large boulders. This rake is used in place of the dragline bucket 
for preparing the ground for bucketing. 

Dry Piacering.—In deserts, where there is insufficient water for sluic- 
ing, alluvials are worked by a combination of portable screening units 
and dry washers, which effect concentration by transverse riffles set 
upon steeply inclined trays and winnowing by air currents supplied by 
bellows or fans. The final partially concentrated product is cleaned up 
by panning in water. Operations of this kind are on a very small scale 
and power is used only for screens and washers. The material treated in 
the air separators must be bone-dry. 

Recoveries in Alluvial Mining.—Recovery by sluices, dredges, wash- 
ing plants, or by other means is always less than 100 per cent. The 
distribution of gold in alluvial material is seldom uniform, nor is it 
consistently distributed either upon bedrock or within certain strata of 
gravel. The size of gold particles varies between wide limits, through 
flour, flaky, shot, or nugget. Attrition in excavation, screening, and 
washing may divide particles still further to some extent. Spillage, 
unless controlled, may result in losses of some magnitude; insufficient 
disintegration may send gold particles to the tailings pile; surges of water 
and packed riffles may sweep gold particles away; inefficient operation 
of machinery and recovery appliances may result in low recovery ; 
bedrock may be cleaned carelessly; and, in dredging, corners and ridges 
may be left undredged. Recovery varies from day to day and from 
different parts of the deposit. Recovery of relatively coarse gold where 
disintegration is complete is very high, close to 100 per cent ; recovery 
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of finely divided gold is also high under similar conditions; recovery of 
flour and flaky gold is often very low, especially where clay is present in 
quantity. W. H. Lanagan gives an interesting account of the working 
of a very clayey placer at Pokrovsky, Siberia, in which the first working 
yielded 75 cents per cubic yard; after 2 or 3 years, a second working gave 
another 75 cents per cubic yard, and it was estimated that at least 75 
cents per cubic yard still remained. Thus the first working gave only 
one-third extraction. 

Tailings loss is very difficult to ascertain and to apportion, although 
many attempts have been made to sample coarse and fine tailings in 
dredge operation. The efficiency of sluices is determined by comparing 
the amount of gold caught in the upper sections with that found in tail 
sluices and by comparing successive undercurrents along the sluice line. 
Much attention has been given to the design, testing, and operation of 
distributors and tables. In some cases thorough disintegration may be 
the. all-important factor. Generally a high recovery, 80 per cent or 
better, is made from the alluvial material delivered to the screens of the 
dredge where efficient operation prevails. 


Dritt VALUE AND DREDGE RECOVERY 
(C. W. Gardner) 


Average value, | 
Devens cu. yd., cents 
Drill value, cu. yd. Acres total — =| Gain, Loss, 
acreage ; eda per cent per cent 
Drill recovery 
Under iscentsie aan. 27.9 Ost 9.21 SOU Bed heats cht O30 
Under iiecents.< 4. 1,638.1 | 43.8 7.68 9734 | 21:6 | 
Bet. 11 and 12 cents...... 424.0 LES: 11.28 1OSL2 Bae eee elOeS 
Bet. 11 and 12 cents......| 480.0 12.8 11.61 16.44 | 41.6 
Bet. 12 and 20 cents...... 582.5 L5=6 16.92 13.10 | as (2 226 
OvermZ0lcentse. ea. is O920 10.5 45.86 20 59357 liane eh 54.4 
Ov.erZONcents en ste s.s-7 ole 198.5 | ‘Syae33 33.15 SOKO G 8.5 
EOigee oe. 3,743.0 | 100.0 | ay 
Isis 22 eh aps ee ee | 15.40 | 13.55 ae 12.0 


Norer.—Gold at $20.67 per ounce. 


H. Sawin, on the subject of quicksilver-losses in gold dredges, gave 
the following examples. Yuba 20, with 18-cu. ft. buckets and 5,600-sq.ft. 
tables, required 2,200 lb. of quicksilver to charge tables at start; average 
quicksilver loss was 485 lb. per year (4 years) or 0.087 lb. per sq. ft. per 
year; digging rate averaged 10,000 cu. yd. per day, with 50 per cent pass- 
ing over tables. Yuba 17, with 18-cu. ft. buckets and 8,335 sq. ft. of 
table area, required 4,000 Ib. of quicksilver to charge tables and showed 
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an average annual loss of quicksilver of 530 lb., or 0.064 lb. per sq. ft. 
per year. The rate of digging was 10,000 to 11,000 cu. yd. per day. 
Quicksilver losses were at the rate of 1 lb. per 10,000,000 Ib. table material 
and were probably due to attrition. Bowie gives an example of quick- 
silver losses in hydraulic mining; the loss ranged from 4.4 to 6.1 per cent 
of the quicksilver used in the sluices. 

Comparing dredge recoveries with estimates of gold content of the 
deposit as computed from drill-hole and shaft samples indicates close 
concordance in many instances and wide variations in others, ranging from 
lows of 20 to 50 per cent up to highs of 150 per cent or better of antici- 
pated recovery. The chain between initial sampling and the delivery 
of the gold has many links. However, when a property has been suffici- 
ently prospected by an experienced engineer, when the results have been 
intelligently interpreted, and when the calculations have been accurately 
made, the results obtained will indicate the gold content within reason- 
able limits. The table on page 491 gives a comparison between drill 
results and dredge recoveries. 

Future of Alluvial Mining.—Although gold, platinum, and tin have 
been the principal objectives of alluvial mining, it is reasonable to expect 
that wider attention will be given to prospecting for chromite, gems, 
scheelite, and other industrial minerals. Close attention will be paid 
to the heavy accessory minerals and detailed examination of them will 
be made by spectroscope and chemical tests. Wider use will be made 
of low-cost excavating machinery for the removal of overburden. Wash- 
ing plants will be better designed and will be more efficiently operated. 
Systematic sampling in some form may become common practice. 

Reclaiming Dredged Land.—Successful reclaiming of dredged land 
has not been attained and partial success is usually at prohibitive cost. 
In backfilling, surface soil and fine material are deposited upon the 
bottom of the pond and the screen and stacker discharge forms an 
advancing bank on top at the rear. For partial reclamation it is nec- 
essary to invert the normal position of the fines on the bottom and the 
coarse gravel on the top. This was accomplished to some extent at 
Natoma by installing sand wheels to take the sluice discharge and 
dewater and deliver it to the stacker belt. In another method the 
sluice discharge was pumped to the stacker end and discharged over 
the gravel pile. Yuba provided a separate suction pump and discharge 
pipe to take the accumulation of sand from the pond bottom near the 
ladder end and deliver it to the top of the spoil pile. An attempt to 
reclaim dredged land was made at Natoma, but costs were very great 
and success uncertain. 

In New Zealand and Australia advance stripping was practiced 
as early as 1905. J. H. W. McGeorge describes a later improvement 
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of this method in 1943 as applied at Newstead, Victoria, Australia. 
The dredge was equipped with an overburden belt conveyor starting 
behind the ladder well and extending up a stacker boom at the rear of 
the dredge. While topsoil and barren overburden are being excavated, 
the bucket discharge is diverted to the belt conveyor and is delivered 
to the top of the spoil pile. While the deeper pay gravel is being dug, 
the screen discharge is dropped from a chute at the tail end of the hull 
and the table and slime discharge falls upon the top of the advancing 
coarse gravel bed. Land reclamation involved an additional dredging 
cost of about 1 cent per cubic yard. The cost per acre for reclaimed land 
was approximately $300. The depth of dredging averaged 24.4 ft. 

Drift Mining.—Underground methods applied to alluvial deposits 
are included under the term ‘“‘drift mining.’”? As such methods are more 
expensive than surface operations, the deposits must be richer. Usu- 
ally drift mining is attempted only when the pay channel is concentrated 
and too deep to be mined by open-pit methods. Gravel grades are 
about $4 per cubic yard and upward. Thickness ranges from 4 to 
12 ft. or more; width is from 20 to 200 ft. or more; depth below the 
surface may be 30 to 200 ft. or more and the length may be up to a 
mile or more. Much water is usually present, and in Alaska frozen 
gravel may sometimes be encountered. 

Where an adit is possible, it is driven on a drainage grade, 14 to 
1g per cent on the shortest practical course to get beneath the deep- 
est part of the channel. Where a shaft is used, it likewise is placed so 
as to command the lowest part of the channel. Where the channel 
grade is flat the shaft may be sunk in the mid-portion of the channel 
length. In the Fairbanks district, Alaska, 6- by 6-ft. cribbed shafts 
were sunk in the middle of a 500-ft. block of pay channel averaging 
100 ft. in width. Surface conditions are a factor in selecting shaft sites. 
Predraining of the channel by boreholes and deep-well pumps facilitates 
shaft and other development work. The shaft bottom is sumped and 
is the drainage focus of the mine. 

From the shaft or adit a main drift is extended the length of the 
claim or pay streak. The drift is 5 by 7 ft. or 6 by 6 ft. and timbered 
with sets from 4 to 5 ft. on centers. Lagging is placed on top and sides. 
Where the gravel is free, forepoling is necessary. At intervals of 100 ft. 
or more, crosscuts are extended from the main drift and the width of 
the pay streak is determined. Mining begins at the end of the main 
drift. The working faces are at right angles to the drift or across the 
pay streak. The first working face is obtained by driving crosscuts 
on either side of the main drift to the edges of the pay streak. In 
moderately cemented gravel, posts, caps, and lagging, or props and 
headboards, are required. In loose gravel, crosscuts are driven by fore- 
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poling. From the side of the crosscut a slice is taken off, 5 or 6 ft. wide 
and the length of the crosscut. This is timbered with props and head- 
boards or forepoled. _ Boulders and large stones are packed back in the 
crosscut. Successive slices are taken off in this manner until the shaft 
or adit is reached. In ground permanently frozen, steam points 5 to 
8 ft. long are driven into the faces and the gravel is thawed before excava- 
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tion. Very little timber is required in frozen ground. Props and pillars 
are used where the roof slabs badly. 

Transportation is effected in main drifts by track and car, but stor- 
age-battery locomotives may be used where tramming distances are 
excessive. Wheelbarrows are often used in smaller operations. Mechan- 
ical loaders may be used in large operations. Both skip and cage 
hoisting may be used in shaft mines. In some of the Alaskan drift 
mines a bucket with carrier and trolley cable was used for hoisting and 
delivering to the dump box of the sluice. Steam or gasoline hoists are 
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used, also electric hoists where power is convenient. In some mines 
where the gravel is cemented, compressed-air drills are used. Very 
long adits are equipped for electrical haulage. The plan and cross- 
sections of workings are shown in Fig. 229. 

Ventilation is not a serious problem in small mines, but an air pipe 
and power-driven fan are necessary where the adit is long. Mines 
opened by a shaft are ventilated by an auxiliary shaft where the workings 
are extensive. The auxiliary shaft serves also as a working shaft. 
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Certain types of ore deposits such as flat bodies of iron ore, lenses and 
sheets of lead and zinc ore, and the porphyry copper deposits admit of 
preliminary exploration by boring. By this method practically all the 
information necessary for the planning of the entire mining work can 
be accurately determined. The method is both rapid and economi- 
cal, and where conditions admit of its use it should not be neglected. 
Bedded deposits such as coal, salt, gypsum, and the like can be as satis- 
factorily explored by boring as the foregoing. Precious-metal deposits, 
excepting placers, and deposits of the metals where they exist as narrow 
veins cannot as a rule be explored by boring, and underground work- 
ings are best. A preliminary geological study is always essential; in most 
cases it will conclusively indicate the best method for the preliminary 
development and in some instances the final development method. 

Development workings consisting of shafts, drifts, crosscuts, raises, 
etc., are generally driven in ore and where this is the case the develop- 
ment is called ‘‘ productive development.’’ More or less work is, how- 
ever, driven in the country rock, and to this the term ‘‘dead work” 
is applied. From economic considerations the minimum amount of 
dead work should rule. Development workings cost more than stoping 
per unit excavated, and for this reason development should be planned 
to render accessible the maximum quantity of ore for a minimum volume 
of development workings. Where this principle is followed a consider- 
able saving in initial capital results. 


NOMENCLATURE 


Terms Peculiar to Metal Mining.—The following terms, in current 
use, are defined for the purpose of accurate usage. 

Shaft.—A vertical excavation of restricted cross section and relatively 
great depth, used for access and-working. 

Incline.—An excavation of the same nature as a shaft and used for 
the same purposes but driven at an angle from the vertical. 

Raise.—An excavation of restricted cross section, driven vertically or 
at an angle upward from a drift and in the ore body. It is used as a 
manway, timber chute, waste chute, ore chute, or for ventilation. 

Winze.—An excavation of restricted cross section driven vertically 
or at an angle downward from a drift and in the ore body. It is used 
as a manway, timber chute, waste chute, ore chute, or for ventilation. 

Underground Shaft or Incline.—A shaft or incline that is driven from 
underground workings and is not in the vein or ore body. The term 
“internal shaft’? has the same significance. 

Adit.—A horizontal gallery driven from the surface and giving access 
to an ore body that is worked through it; used sometimes solely for drain- 
age or ventilation or both. The term ‘‘tunnel” is frequently used in 
place of ‘‘adit’’ and has the same signification. 
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Drift.—A horizontal gallery driven along the course of a vein. It 
is called a “footwall drift”” when driven in the footwall, and a “hanging- 
wall drift’’ when driven in the hanging wall. 

Crosscut.—A horizontal gallery driven at right angles to the strike 
of a vein. When driven at an angle to the vein and across it the same 
term is applied. 

Level.—All the horizontal workings tributary to a given shaft sta- 
tion are collectivelly called a ‘“‘level.’’ Levels are designated as 100 ft., 
200 ft., etc., according the vertical depth from the surface. 

Main Level.—Where the ore mined from several levels is hauled upon 
one level to the shaft, this level is designated as the ‘‘main level.’”’ The 
term “‘main haulage level”’ is used with the same signification. 

Sublevel, Intermediate Level—A level driven from a raise or manway 
and not connecting directly with the working shaft is termed an ‘‘inter- 
mediate level” or ‘‘sublevel.”’ 

Transfer.—A vertical or inclined connection between two or more 
levels, used for an ore pass. 

Terms Peculiar to Coal Mines. Shaft, Air Shaft, Main Working 
Shaft.—The significance of these terms is the same as the equivalent 
terms used in metal mining. 

Main Entry.—The principal horizontal gallery giving access to a coal 
seam and used for ventilation, haulage, etc. Where two entries are 
driven in parallel the term ‘‘double entry” is used. With three parallel 
entries in juxtaposition the term ‘‘triple entry”’ is used. 

Cross Entry—A horizontal gallery driven at an angle or at right 
angles to the main entry is termed a “cross entry.”’ The meanings of 
“double cross entry” and “‘triple cross entry” are easily understood 
from the preceding definition. 

Butt Entry.—A horizontal gallery driven parallel with the main cleat 
of the coal seam. 

Face Entry.—A horizontal gallery driven at right angles to the main 
cleat of the coal seam. 

Gate-—A horizontal gallery giving access to a working face in the 
long-wall method of coal mining. 

Mother Gate.—A horizontal gallery to which the gates are tributary. 

Level, Lift—Terms used to designate the working entries in a coal 
seam that dips at an angle. 

Slope.—The main working gallery or entry of a coal seam which dips 
at an angle and in which trains of mine cars are hauled. 


DEVELOPMENT WORKINGS 


Main Opening.—The principal working opening of a mine may be an 
adit, entry, slope, incline, or shaft. Good mining practice requires 
the construction and maintenance of at least another opening, which 
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Drift.—A horizontal gallery driven along the course of a vein. It 
is called a ‘“‘footwall drift’’ when driven in the footwall, and a ‘“‘hanging- 
wall drift”? when driven in the hanging wall. 

Crosscut.—A horizontal gallery driven at right angles to the strike 
of a vein. When driven at an angle to the vein and across it the same 
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200 ft., ete., according the vertical depth from the surface. 

Main Level.—Where the ore mined from several levels is hauled upon 
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DEVELOPMENT WORKINGS 


Main Opening.—The principal working opening of a mine may be an 
adit, entry, slope, incline, or shaft. Good mining practice requires 
the construction and maintenance of at least another opening, which 
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may serve for ventilation and as an emergency exit in some cases and in 
others for working purposes as well. The position and nature of the 
working opening is determined by topographic conditions and the posi- 
tion and general character of the deposit. 

If we assume a narrow vein dipping at a steep angle and a surface 
topography of low relief, a shaft is the most suitable method of open- 
ing. It may be vertical as shown in Fig. 230a, an incline in the plane 
of the vein as in Fig. 230b, or an incline in the footwall as in Fig. 230c. 
The vertical shaft gives the greatest vertical depth for the least footage 
but requires the driving of long crosscuts to the vein at points above 


F 1g. 230.—Position of working shaft relative to vein. 


and below the intersection of shaft and vein. Excessive footage can, 
however, be avoided by workings in the plane of the vein, tributary 
to a main level, which is placed at the intersection. The principal objec- 
tions to the vertical shaft are its position in the hanging wall, which 
is often unstable, the long crosseuts, and the difficulty of maintenance at 
the intersection of the vein and shaft. The necessity of locating the 
shaft mouth at a site suitable for the surface plant and for convenient 
access often overbalances the foregoing objections. The combination of 
a vertical shaft to the vein with an incline from the intersection to greater 
depth avoids the use of crosscuts but sacrifices simplicity in the hoisting 
arrangements. 

The sinking of an incline in the plane of the vein has the disad- 
vantage of increased maintenance where the vein is heavy. A shaft 
pillar must also be left on either side to protect the shaft. In good 
ground an incline in the vein develops the maximum length of vein 
for a given footage and is probably the best method if a suitable shaft 
site can be found. 

The position of the incline in the footwall has the advantages of 
maximum stability if the footwall is solid, minimum maintenance cost, 
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and the avoidance of shaft pillars. On the whole, greater permanency 
is obtained with an incline in this position. 

The important factors in determining the position and type of 
opening are a convenient and safe site for the surface plant, minimum 
footage, low maintenance costs, the physical nature of the hanging wall, 
vein, and footwall, and the dip of the vein. 

If the topography is of high relief, the vein may be best opened by 
an adit. This should start from such a position as to give sufficient 
vertical depth without excessive length. The possibilities of the situa- 
tion can be determined only by careful surveys. The adit has the advan- 
tages of lower cost of construction and a minimum of hoisting; it also 
provides for drainage. A comparison of costs of construction and 
maintenance and estimates of the cost of providing access by roads or 
other means of surface transportation, costs of operation, and of the 
permanency of the workings must be made where there is a question 
of the suitability of an adit as compared to a shaft. 

A flat coal seam at depth is best opened up by a shaft. Two shafts 
are invariably driven, one serving as an upcast and the other as a down- 
cast and for working purposes. They are placed in the most convenient 
position for the surface plant and at a distance of from 100 to 150 ft. 
apart. (If the seam outcrops, it is opened up by a pair of entries driven 
at right angles to the main cleat from the most convenient surface site 
on the outcrop.) If the seam is inclined, the entries are driven down the 
dip. Under certain topographic conditions crosscuts are driven from the 
most convenient plant site until they intersect the seam, where slopes 
following the dip are constructed. 

Thick ore bodies of great lateral extent are best opened up by shafts 
sunk in the country rock close to the deposit. Where topographic con- 
ditions are suitable an adit can be used. 

Subordinate Workings.—The method of mining as well as the size 
and position of the deposit determine the nature of the subordinate 
development workings that are connected to the main working openings. 
There are certain similarities in most development plans. Whether 
the deposit is a thin sheet, flat, or inclined, it is divided by the develop- 
ment into rectangular blocks, each block constituting a unit that is 
subsequently removed in the mining operations. If the deposit is thick 
it is divided into a number of horizontal slices, each slice being in turn 
divided into rectangular blocks. Certain well-recognized methods have 
been evolved in mining practice, and the development characteristic of 
each will be described. 

Development for Underhand and Overhand Stoping.—From the 
shaft stations or crosscuts drifts are driven along the vein in both direc- 
tions. The vertical distance between the drifts ranges from 50 to 300 
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ft. The usual distance is 100 ft. Where ore continuity is very uncer- 
tain, drifts are closely spaced; but where continuity is well established, 
the greater the spacing between the levels, the lower the cost for develop- 
ment and the smaller the capital tied up in the equipment of the levels. 
Each level is provided with a station, facilities for loading at the station, 
and a track system for transportation. It is obvious that the fewer the 
levels for a given ore body, the less expensive will this equipment be. 
Raises and winzes are extended from the drifts at intervals. Raises are 
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Fig, 231.—Layout of development on an inclined vein. 


generally used, since they can be more economically driven than winzes. 
Both are used to establish the continuity of the ore body between levels. 
They also serve to establish connections for ventilation, and stoping 
can start in either direction from a raise. Where continuity is estab- 
lished, raises are driven at intervals of from 200 to 300 ft. along the 
drift. The block of ore thus developed extends between the drifts and 
is of a length varying from 200 to 300 ft. No regular spacing is possible 
with small ore bodies erratically distributed along a drift. Winzes 
are sunk below a given level in order to test out the ore possibilities below | 
the level before another level is opened out. From-them drifts are some- 
times driven, and the extent of the ore body at a given level is estab- 
lished in advance of further shaft sinking. The principle of least work 
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is observed by the miner in this feeling-out process. Where continuity 
is established, the opening out of. the lower level usually follows, since 
it is more economical to stope from a lower level than otherwise. Fig- 
ure 231 illustrates the development workings of a vein in relation to 


the main opening. The connections to the surface for ventilation and 
egress are also shown. 
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Development for Square-set Mining.—The method of development 
described in the preceding is applicable to ore bodies from 1 to 8 ft. in 
width. For wider veins the same general plan is followed. It is nec- 
essary, however, to drive crosscuts at intervals of 50 to 100 ft. in order 
to determine the thickness of the vein and the position of the walls. 
The drift can be driven near the hanging, in the middle, or along the 
footwall. The last is the preferable position. Drifts of larger section 
are driven for wide veins than for narrow veins. Where square-set 
mining is to be used, the only essential difference is the use of sill-floor 
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sets for timbering the drift. These necessitate the excavation of a 
section 10 ft. high by 7 ft. wide. Where the vein is irregular in its course, 
a small drift is best, and the position of the wall is determined from this 
in order to lay out the sill-floor plan more accurately. Raises are driven 
at intervals of 50 to 100 ft. and are usually timbered with square sets, 
the raise being two sets wide. As with the drifts preliminary raises 
can be driven and supported by stulls. 

Development for Shrinkage Stoping.—The development methods 
for shrinkage stoping are essentially the same as those just described. 
Where continuity is well established, however, levels are driven at inter- 
vals of 150 to 175 ft. With wide veins, parallel drifts at 40- to 50-ft. 
centers are driven from a crosscut extending from wall to wall, as shown 
in Fig. 232a. Figure 2320 illustrates a plan of the development used on 
a wide lode at the Homestake mine. Footwall and hanging-wall drifts 
are driven and crosscuts connecting them are spaced at 100-ft. centers. 
From the crosscuts short drifts are driven to the stopes and from the ends 
of these the stope is opened out transversely to the strike of thelode. In 
Fig. 232c the same method is applied to a narrower lode. Here the stopes 
are placed along the strike, and the short crosscuts extending from the 
footwall and hanging-wall drifts are extended to the lode. In both cases 
raises are extended at either the ends or the sides of the stopes. Fig- 
ure 232d illustrates the method used at the Melones mine, where the 
vein dips at an angle of 60 to 70 deg. The drifts are driven in the foot- 
wall in proximity to the ore body, and raises are extended upward at a 
45-deg. pitch. 

Development for Top Slicing and Cover Caving.—The main level of 
a Mesabi iron mine is shown in Fig. 233. Two parallel drifts from 66 
to 100 ft. apart are driven at the bottom of the ore body, parallel to the 
axis of the deposit. From these drifts crosscuts are extended at 50-ft. 
intervals to the outer limits of the ore body. The crosscuts connect with 
the main drifts by curved galleries. Raises are extended vertically 
upward at intervals of 50 ft. until they are close to the upper horizon of 
the ore body. The first sublevel is extended from the tops of these 
raises, which terminate on the floor of the first slice to be removed. 

The sublevel development consists of a series of parallel crosscuts 
directly above the main crosscuts. They are extended to the periphery 
of the ore body or to the boundaries of the property. Narrow drifts 
connect the sublevel crosscuts at intervals of 100 ft. or more. The 
appearance of the sublevel is shown in Fig. 234. One or two timber 
shafts are sunk to the first sublevel to afford ventilation and access and to 
enable the timber to be delivered to the working places without hoisting. 
The raises serve as ore chutes, a few at convenient points being used for 
manways. 
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Mining begins on the uppermost sublevel, and sublevels are driven 
below in sequence from the top down. The thickness of the slice mined 
determines the vertical interval between sublevels. It is from 10 to 15 ft. 

The method described above is sometimes modified by omitting the 
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Fra, 234.—Sublevel plan, development for top slicing. 
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crosscuts on the main level and restricting the development of this 
level to the two parallel drifts and to the manways and chutes spaced at > 
50-ft. intervals along both drifts. The sublevels are opened out in the 
same way as described before. It is evident that the latter plan is 
somewhat lower in first cost, but the expense for tramming on the sub- 
levels is increased by the greater distance from working chambers to 
chutes. A relatively narrow and thick ore body is best developed by 
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the latter method and thin, wide ore bodies by the former. The use of 
the scraper, mechanical loader, and shaking-pan conveyor enables a 
greater spacing of transfers or chutes. 

Development for Combined Top Slicing and Shrinkage Stoping.— 
The practice at the Kimberley diamond mines is taken to illustrate the 
method. Figure 235a shows the main-level development and the con- 
necting ore passes or chutes. Main levels are established at 500-ft: 
intervals. Sublevels are driven at 40-ft. intervals and the sublevel 
workings at a unit distance of 22.5 ft. apart or some multiple of this 
distance. The plans of several sublevels are shown in Fig. 235b. It 
should be noted that the driving of the working drifts and crosscuts at 
the closest interval (22.5-ft. centers) is done only close to the stopes. 
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As the slice is drawn back the larger blocks are divided. The vertical 
section, c, shows the different sublevels in relation to the main level. 

Development for Top Slicing and Partial Ore Caving.—The practice 

of the Newport mine on the Gogebic range is taken to illustrate this 

method. Main-level development is shown in Fig. 236. Sublevels are 
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placed at intervals of 15 ft. The plan of a sublevel is shown in Fig. 237. 
Connection between main and sublevels is through raises, some of which 
serve as manways and others as ore passes. 

Development for Chute Caving.—The Pioneer mine on the Vermilion 
Range, Minn., affords a typical example of this method of development. 
The levels are placed at 100-ft. intervals, and drifts and crosscuts divide 
the area of the ore body into blocks approximately 100 ft. square. The 
level is laid out for power haulage. As far as is practicable each level is 
laid out to conform to the level above, and the workings are positioned 
immediately above the corresponding workings on the level below. From 
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the level drifts and crosscuts, vertical raises are extended at intervals 
of 25 ft. From the raises and between two levels, two sublevels are 
extended at vertical distances apart of 3314 ft. The sublevels consist 
of drifts and crosscuts and conform as far as practicable with the lay- 
out of the level. The blocks on each sublevel are subdivided still further 
into pillars approximately 25 ft. square. As soon as the uppermost 
sublevel has reached the boundary of the deposit caving can begin, 
presuming that the level above has been worked out and that the timber 
mat and caved capping are down. : 
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Fia. 237.—Plan of sublevel development for comBined top slicing and ore caving. (Trans. 
A.I.M.E.) ' 


Development for Block-caving.—Block-caving as practiced at the 
Tobin mine, Crystal Falls, Mich., affords a historic example.1_ The main 
levels are placed at vertical intervals of 125 ft. From the shaft station 
a crosscut gives access to the ore body. A main drift is driven from the 
crosscut along the hanging wall, and from this crosscuts are extended to 
the footwall at 24-ft. centers. The crosscuts are joined by a narrow 
drift that follows the footwall. Along the crosscuts, at intervals of 
15 ft. and placed alternately right and left, short raises are extended 
to the sublevel that is to be opened out 25 ft. vertically above the main 
level. The sublevel is then opened out by drifts and crosscuts, which 
divide the sublevel area into pillars 10 by 16 ft. and connect the tops of 
the raises. The tops of the raises are made funnel-shaped. At the ends 


1 Trans. Lake Superior Min. Inst., vol. 16, p. 218. 
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of the block two additional crosscuts are driven at vertical intervals of 
25 ft. above the first sublevel crosscut. Raises at intervals of 30 ft. 
connect the three end crosscuts, which are superimposed one above the 
other. They are extended 12.5 ft. above the uppermost crosscut. The 
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Fig. 238.—Development for block-caving. (Trans. L.S.M.1.) 


purpose of the end crosscuts and raises is to weaken the ore block on 
the ends of the block which it is proposed to cave. Figure 238a, b, 
and ¢ illustrates the method. 

At the Ohio mine (Utah), an early example of block-caving, a 
different system of development 
was used. The levels are at 100, 
300, 400, 500, and 750 ft. The 
sublevel interval was 30 ft. and 
later 60 ft. On the sublevel at 
the bottom of the blocks the drifts 
and crosscuts divide the ore into 
blocks 20 by 50 ft., measured from 
center to center of the drifts and 
crosscuts. The block mined as 
a unit is 100 by 100 ft. square and 
60 ft. thick. In place of vertical 
raises, aS many as 150 inclined 
raises on an angle of 45 deg. are 
driven, a raise to 66 sq. ft. of 
bottom area being used to a unit. 
The inclined raises or chutes are constructed in the 60-ft. block immedi- 
ately below the sublevel on which the undermining of the block above is 
to take place. The chutes are connected to branch chutes and these in 
turn to main chutes, which connect with the main adit level. The sketch 
shown in Fig. 239 will make the arrangement clear. The blocks are not 
weakened at the ends. The foregoing description is valuable historically. 
Later examples are described under mining methods. 

Development for Longwall Mining.—The development required for 
a long-wall mine is comparatively simple. The working shafts and air 


Fic. 239.—Block-caving at the Ohio mine. 


510 ELEMENTS OF MINING 


shafts are first sunk, and from the working shaft a main haulageway is 
extended in both directions on the strike of the seam. From the air 
shaft an airway is driven at right angles to the main haulageway, at the 
intersection of which an overcast is constructed. Both workings are 
driven to the limits of the shaft pillar that is to be left as a protection to 
the shaft. The ends of the air- and haulageways are connected by a pair 
of parallel entries driven about the shaft pillar. A pillar 15 ft. in thick- 
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Fig. 240.—Plan of long-wall development, (Illinois Coal Mining Investigattans.) 


ness is left between the entries. As soon as the entries are completed 
the narrow pillar between and a 15-ft. slice from the edge of the shaft 
pillar are mined out and the space is packed solidly with waste, openings 
being left at intervals. ‘The mine is then ready for operation. Figure 
240 shows the plan of the workings.! The method is used for long-wall 
advancing. For long-wall retreating, haulageways and airways are driven 
in pairs to the boundaries of the property and are then connected by a 
double entry, from which mining on the retreating system can be started. 


1Taken from Bull. 5, Illinois Coal Mining Investigations, p. 14. 
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Figure 241 shows the system of entries subsequently driven and a some- 
what different system of starting the long-wall advancing system.! 
Development for Room-and-pillar Mining.—The simplest method is 
known as the double-entry system. Two main entries are driven at 
right. angles to the cleat with a pillar or rib 50 ft. in thickness between. 
Break-throughs are spaced at 75-ft. intervals. At distances varying from 
150 to 600 ft. butt or side entries are driven, and from them the rooms are 
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Fic. 241.—Plan of long-wall development. (Illinois Coal Mining Investigations.) 


turned off. Where the seam pitches, the main entries are driven on the 
pitch and the side entries on the strike of the seam, although this plan is 
sometimes reversed where the pitch is more than nominal. 

Figure 242 illustrates a method of development used by the Monon- 
gahela River Consolidated Coal and Coke Co. in the Pittsburgh region. 
The room lengths are 250 and 230 ft. There are four main or face entries 
and two butt entries, 480 ft. apart. 'The method is applicable to a flat 
seam.” 

Development for Bord-and-pillar Working.—Main entries are driven 
in double pairs, butt or side entries in pairs. The bords, driven face on, 
are narrow rooms 18 ft. or less in width. The “walls” are driven at right 


1 Tbid., p. 18. 
2 Trans. A.I.M.E., vol. 41, p. 233. 
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Fig. 243.—Plan of bord-and-pillar development. 
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DIMENSIONS OF DEVELOPMENT WORKINGS 


Shafts.—Shaft sections are rectangular, square, elliptical, or circular. 
The rectangular section is under most circumstances the most convenient. 
It is not suitable where the ground surrounding the shaft section is 
heavy, as where soft sedimentaries are penetrated. Under such condi- 
tions elliptical or circular sections are best. Custom plays a certain 
part in the choice of the section. For example, in England and Germany 
shafts of circular section are the rule, while in America and South Africa 
the rectangular section is almost exclusively used. In most metal-mining 
districts where hard rock prevails, the rectangular section is favored; 
while in colliery districts the circular section is more apt to be used. 
There is an increasing tendency for metal miners to use the circular shaft. 

Shaft sections are given usually as the inner dimensions of the com- 
partments, the clear dimensions within the shaft timbers, or the dimen- 
sions outside the shaft timbers. For rectangular-shaft sections the size 
of compartments varies; the following are some of the dimensions in use. 


For skip-and-cage compartments........... 4x44 45,4 X 5,4.5 * 5,5 k 6 
For pump-and-manway compartments...... 4 X 5, 4.5 X 5,5 X 5,5 X 6,6 X 6 
For large cage compartments............... DX LON6e at 


Shaft sizes are illustrated in the following: 


Anaconda, Buttes Mont\<27 2.9. . 5254-44. 25 16:70 SO20:3)tt. over-all 
Damiana ches Mic hiseusetas tetera ke mee ee 8.83 X 29.16 ft. over-all 
Redivacketra Vii Chaat ace ten tarie uate eee 15.5 X 25 ft. over-all 
Pennsylvania bituminous coal mines........ 12.33 X 25.5 


Some South African shafts have the following dimensions: 

No. 4 shaft, Spring Mines, Ltd., inside dimensions 28 by 10ft., divided 
into five compartments, 10 by.5 ft.; timber sets, 9- by 9-in. wall plates; 
8- by 8-in. studdles; sets 714-ft. centers; guides 734 by 334 in.; hanging 
bolts 10 per set, 11<-in. diameter; depth 4,023 ft. 

South shaft, City Deep, Ltd., concrete rings, 20 ft. inside diameter, 
10 ft. apart, 18 by 15 in. in section with 24-in. steel pegs; depth 4,500 ft. ; 
two-cage compartments, cages 3!4 by 15!4 ft., pipe compartment and 
cable compartment; guides 80-lb. steel rails, standard section and flat 
bottom. 

Other shafts are as follows: No. 3 shaft, Frood mine, 28 ft. 2 in. by 
16 ft. outside timbers, 2,800 ft. in depth; 12- by 12-in. timbers; divided 
into four main compartments, 14 ft. 4 in. by 6 ft. clear, No. 1 compart- 
ment being divided into a skipway 6 by 6 ft., ladderway 3 by 6 ft., and 
a pipeway 4 ft. 8 in. by 6 ft.; No. 2 compartment into a skipway 7 ft. 
2 in. by 6 ft. and service cageway 6 ft. 8 in. by 6 ft.; and No. 3 and 4 


) 
compartments, 14 ft. 4 in. by 6 ft. for material cageways. Newport 
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shaft, excavation 15 by 23 ft., divided into two skipways, 5 ft. 914 in. 
by 6 ft, 14 in., two cageways 5 ft. 914 in. by 10 ft., pipe- and ladderways 
each 5 ft. 914 in. by 3 ft. 14 in.; supported by eel sets, 6-in. .H sections 
on 8-ft. centers. 

The largest shaft section that I have seen described is that of a 
colliery at Carbondale, Pa., 12 by 52 ft. Circular shafts are 9, 10, 12, 
15, 16, 18, 19, 20, and 21 ft. in diameter. Probably the most useful com- 

partment size for rectangular shafts is 4.5 by 5 ft. in the clear for skips 
or cages, 5 by 6 for pump and manway, and 15 ft. diameter in the clear 
for circular shafts. Two cage or skip compartments and one manway are 
sufficient for mines of moderate to large output. An additional compart- 
ment for a cage is required where the shaft is to be of large capacity. 
For very deep mines, two skip and two cage compartments and a 
manway compartment are required. A comparison of circular and rec- 
tangular shafts is given in Table 108. 


TasBLeE 108.-—ComMPARISON OF RECTANGULAR AND CIRCULAR SHAFTS 


Rectangular Circular 
eH ayo Golen) oP NAMING MI Mid wee nig ses Goo do.ab Ome cuome 4.5 X 6 ft. |4ft. 7in. xX 5 it. 
Number of skip compartments................... 2 2 
Cagercompantimentewn cnr ia doh rntiancs < o.ncoaaess 6 X 10 ft. 6 x 10 
adderacompanrtment wanncn .cbiaace cae ils. sesso 4 &X 6 ft. Latane Se Lt 
IstcdeydienSlon Sac vacig ie cities le Maeeeccneee., « shale ta os 25.5 X 6 ft. 17 ft. dia. 
Orpaviere itonsionsees ts Cee ncGd tans Sisko oda ws Zee aoulte 20 ft. dia. 
insiderancamsqUanekee trpaeetl es ptr tep aa eon. come 153 227 
Outside area, square feet (area excavation)........ 264 314 
Area of compartments, square feet, or used area... . 104 139 

as per cent of area of excavation 
[iraesréves CHRO es ie ote alc B ereaene tie cc ie ieered Ein Leen as OW. 72 (60)¢ 
NTEATCOMPALUIREM UB GES: Arias ors Siem Wirnehn ee Mision #39 44.(37)¢ 
Area lining or Deabereds SPACE MA en eee Rea oft | 43 28 (40) 


NWASTCEAL CHEN in MIN Gta wcstoeunee See rnete tyres Vienna Sale Zo(23)4 


« Allowing 5 per cent for overbreaking in case of circular shaft. 


The arrangement of the shaft compartments is illustrated in Fig. 
244. Wight plans are shown. The selection of the size, number, and 
arrangement of the shaft compartments is determined by the future or 
present working requirements of the mine in question. Without knowl- 
edge of the size of the deposit and its value and, from these factors, the 
probable daily output, the engineer is very much in the dark in planning 
shaft facilities. Most large mines, however, pass through a number of 
stages before their possibilities in respect to maximum production are 
realized. Each stage is marked by the discarding of old shafts and the 
construction of new. The final improvements are thus planned with 
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foreknowledge of the requirements of the situation. During the pros- 
pecting and initial development stages of a new mine, small two- or at 
most three-compartment shafts should be constructed. The selection of | 
a new shaft site and the planning of suitable facilities can follow when 
the development has proved the possibilities for a large production. In 
coal mines or in mines where boring can be resorted to to secure pre- 
liminary information, shafts can be planned for the given conditions. 
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Fie. 244.—Cross sections of rectangular and elliptical shafts (upper) and circular 
shafts (below); the “‘square section”’ is exemplified by the Flin Flon, Newport, and King 
No. 3 shafts. 

For mines of small output and with workings within 200 to 250 ft. 
of the surface, a two-compartment shaft, 5.5 to 6 ft. by 9 ft. in the clear, 
is satisfactory. For deeper workings a three-compartment shaft. is 
necessary. Rectangular shafts are also shown in Chap. X. 

Adits and Drain Tunnels.—Mine adits are represented by the follow- 
ing dimensions in the clear: 6 by 7, 8 by 8, 9 by 9, and 12 by 12 ft.. The 
same dimensions are satisfactory for drain tunnels. The selection of the 
dimensions is determined by the tonnage requirements (output), the length, 
the quantity of water to be handled, and the nature of the ground. 
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Adits and drain tunnels are constructed for single or double track. 
Where ground breaks well and is self-supporting, the section is made 8 
by 8 ft. for an output of 500 tons or more and 6 by 7 ft. for smaller out- 
puts. The section is more or less arched. It should be borne in mind 
that too small a section in hard rock is more difficult to construct than a 
larger one. In heavy ground which requires timbering, the section is 
trapezoidal and made as small as possible consistent with the tonnage to 
be handled. Long adits and adits that have to handlé large quantities 
of water are made of larger dimensions than for the opposite conditions. 

Drifts and Crosscuts in Metal Mines.—A single-track drift is com- 
monly used. ‘The smallest mine car is 2 ft. wide and clears 4 ft. above 
the rail. The smallest mine drift is 3.5 by 6.5 ft. in the clear. The usual 
dimensions are 4.5 by 7 to 5 by 7 ft. Trapezoidal sections are made 3.5 to 
4 ft. at the top, 4.5 to 5 at the bottom, and from 6.5 to 7 ft. high. Where 
a trolley wire is used the least height should be 7 ft., and 7.5 is preferable. 
Crosscuts are of the same dimensions as drifts except in cases where 
they connect with shafts, where they may be made wide enough to 
accommodate a double track. In Minnesota iron mines, main haulage 
levels are 8 by 8 ft. to 8 by 9 in the clear and 10 by 10.5 outside of the 
timbers; sublevels are 7 by 8 ft. and 6 by 7; connecting crosscuts on sub- 
levels, 2.5 by 6 ft. to 3 by 6. 

Raises and Winzes.—As these are supplementary workings, the 
dimensions are largely controlled by local conditions, and practice 
affords wide variation. The raise is constructed of minimum dimensions, 
4 by 4 to 4 by 6 ft. inside the timbers. In square-set mining it is usually 
two sets wide. In Minnesota iron mines raises are 4 by 6 ft. to 5 by 8. 
At the Alaska-Treadwell a 6 by 7 raise was used. Winze dimensions 
depend on the use to which they are to be put. Where hoisting is done, 
two compartments are constructed whose dimensions range from 5 by 8 
ft. to 6 by 12 in the clear. For prospecting, 4 by 4 ft. to 4 by 6 may be 
used. Where both chutes and manways are to be accommodated in a 
long raise or winze, the raise or winze is made somewhat larger than the 
minimum dimensions given. In a given mine the most convenient 
dimensions for workings of this nature are quickly discovered. 

Entries in Coal Mines.—Main entries range from 10 to 14 ft. wide 
and from 6 to 8 ft. high in the clear. ‘The trapezoidal section is common 
where timbering is required. For side entries the range is 8 to 10 ft. 
wide by 6 to 8 ft. high. In longwall mining side entries close down 
until they are only 4.5 to 5 ft. high. Low cars are needed in such condi- 
tions. Between main entries a pillar from 40 to 50 ft. thick is left; 
between side entries, one from 15 to 50 ft. 

Design of Haulageways.—The type of car, its width and height, 
and the least side clearances allowable, together with the necessary top 
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clearance, determine the least width and height of the passage. At 
curves the width should be increased. The timbers required for support 
can be drafted in on the least-dimensional drawing, and the minimum 
outside dimensions determined. 

Grades, Curves, and Turnouts.—Drifts, crosscuts, and entries are 
graded in favor of the loads. The grade ranges from 0.5 to | per cent. 
This is sufficient for drainage. In some metal mines crosscuts and 
drifts meet at rfght angles, and turning of the cars is provided for by a 
greased plate, or preferably a turntable, at the intersection. Where 
mechanical haulage is used curves ranging from 15 to 50 ft. in radius must 
be constructed. In coal mines, entries are turned off at an angle of from 
45 to 60 deg. and widened sufficiently to give a smooth curve to the track 
at both tangents. Partings or turnouts are provided by increasing the 
width of the drift or entry for a length sufficient to accomodate a train of 
cars. A double track is placed in this length. 


DEVELOPMENT RATIOS 


Three development ratios can be figured and the resulting ratios 
used to compare different methods of development. It is evident that 


TaBLe 109.—‘‘ PropuctivE DEVELOPMENT’”’ Ratios FOR VEINS OF VARYING WIDTHS 
| 


1 cu. ft. development develops 


eines. of vein, VWentieal 60° dip 45° dip 

Cu. ft. Tons Cu. ft. | Tons Cu. ft. Tons 

1 3 0.23 3.54 0.27 4.35 0.33 
2 6 0.46 7.08 0.54 8.70 0.66 
3 9 0.69 10.62 0.81 13.05 0.99 
4 12 0.92 14.16 1.08 17.40 1232 
§ 15 1.15° 17.70 1.35 21.75 1.65 
6 18 1.38 21.24 1.62 26.10 1.98 
8 24 1.84 28 .32 2.16 34.80 2.64 
10 30 2.30 35.40 2.70 43.50 3.30 
12 36 2.76 40.48 3.24 52.20 3.96 
14 42 3.22 49.56 3.18 60.90 4.62 
16 48 3.68 56.64 4.32 69.60 §.28 
20 60 4.60 70.80 5.40 97.00 6.60 


if the volume of the development workings and the volume of ore opened 
up ready for mining can be determined, the approximate cost of develop- 
ment per unit of ore mined can be figured. The three ratios suggested 
are 


Whole volume of ore developed (cu. ft.) 
Whole volume of dead-work development (cu. ft.) % 


Volume of ore developed per unit of dead work 
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Whole volume of ore developed (cu. ft.) 
Whole volume of productive development (cu. ft.) x 
Volume of ore developed per unit of productive development 
Whole volume of ore developed (cu. ft.) 
Combined volume of dead work and productive development (cu. ft.) it 
Volume of ore per unit of development 


It is, of course, not always practicable to determine these ratios, but 
where sufficient information is at hand they should be calculated for 
proposed methods of development. The productive development ratios 
have been approximately figured for narrow veins and are given in Table 
109. The unit taken is a block 200 ft. in length and the level spacing is 
100 ft. vertically. The development per block is taken as 6,500 cu. ft. 
The volume of crosscuts in the wider veins has been omitted. Tons 
have been figured on a basis of 13 cu. ft. per ton. 

The following ratios for productive development have been calculated. 


For top slicing (Mesabi practice), 11-12 cu. ft. per cu. ft. 

For top slicing and ore caving (Newport mine), 5-6 cu. ft. per cu. ft. 
For block-caving (Tobin mine), 8-9 cu. ft. per cu. ft. 

Block-caving (Ohio mine), 4 cu. ft. ore per cu. ft. of block development 
For panel working, room and pillar (6-ft. coal seam), 10 cu. ft. per cu. ft. 


Various methods of representing the relation between development 
and ore mined are employed in mining practice. From technical journals 
and other sources the following have been gathered: 


Pittsburgh South Peak (Nevada). 1 ton waste to 4.77 tons ore 
1 ton ore by development to 10.5 tons ore mined 


Round Mountain (Nevada)....... 1 ft. for each 7.35 tons milled 
Mammoth mine (California)...... 1 ton ore to 1.45 tons waste 

1 ft. development to 2.6 tons ore mined 
Alaska-Treadwell (Alaska)....... 1 ft. development to 105 tons ore mined 
Alaska United Gold Mining Co. 

(Also) sereupstere oem yore ose sv 1 ft. development to 111 tons ore mined 
Alaska Mexico (Alaska).......... _ 1 ft. development to 55.6 tons ore mined 
Average of three.........0+2..... 1 ft. development to 98 tons ore mined (1 cu. ft. 

to 1.46 tons) (1 cu. ft. to 19 cu. ft.) 
Copper Range Co., 1911......... 1 ft. development to 66.2 tons ore milled 
North Star mine (California)..... 1 ton waste to 10.3 tons mined 
Harold mine (Minnesota)........ 1 ft. development to 63 tons ore 


1 cu. ft. development to 8.2 cu. ft. ore mined 


SHAFT SINKING 


Classification of Material Penetrated and Water Conditions.—The 
methods used in shaft sinking are selected with special reference to the 
material that must be excavated and supported. The presence of 
moderate quantities of water calls only for the addition of bailing or 
pumping facilities to the sinking equipment, but where excessive quan- 
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tities are encountered a radical change in method is often necessitated. 


The following classification of conditions is used. 


. Hard rock—little or no water 

. Hard rock—more or less fissured—and with moderate amounts of water 

. Hard rock—more or less fissured—and with excessive amounts of water 

. Soft nonplastic rocks, sandstones, limestones 

. Soft nonplastic rocks, sandstones, limestones—fissured and with moderate 
amounts of water 

f. Soft nonplastic rocks, sandstones, limestones—fissured and with excessive 

quantities of water 

g. Soft semiplastic rocks, clay shales, shales 

h. Noncoherent material, sand—without water or with only moderate quantities 

z. Noncoherent material with excessive quantities of water; quicksand, mud, 

ooze, and material of similar nature 


Methods of Shaft Sinking.—The methods of shaft sinking are: 


. Drilling by hand; blasting 

. Drilling by machine drill and blasting 

Raising 

. Forepoling; spiling; sheet piling 

. Forepoling and bottom boarding 

. Steel sheet piling 

. Boring methods 

. Drop shaft or open caisson, with hand excavation, orange-peel bucket, or sack 
borer 
9. Compressed-air caisson 

10. Freezing 

11. Cementation 


saa Ok 
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Selection of Method for Typical Conditions.—Shaft-sinking methods 
have been evolved from practice and experience. Unusual conditions 
necessitate the modification of ordinary methods or the invention of 
new ones. The methods characteristic of modern mining practice offer 
some kind of solution for almost any combination of conditions. In 
the tabulation which follows an attempt is made to suggest the most likely 
method for the conditions described before. 


a. Methods 1, 2, 3 

b. Methods 1, 2, 3, with use of sinking pumps or bailing tanks, or both in methods 1 
and 2; method 3 would provide for drainage; close timbering 

c. Methods 1 and 2 and heavy pumping equipment; or methods 1 and 2 in conjunc- 
tion with method 11. Close timbering would be required. Advance dewatering by 
bores close to shaft area may be very effective 

d. Methods 1, 2, 3 

e. Methods 1 and 2; sinking pumps or bailing tanks; close timbering 

f. Methods 1 and 2, with heavy pumping equipment; or methods 1 and 2 in con- 
junction with method 11 

g. Methods 1 and 2, with heavy timber or steel and concrete supports 

h. Methods 4, 5, 6 : 

v7. Methods 8, 9, 10, 11 in some cases : 
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Description of Methods of Shaft Sinking.—1. Hand Drilling; Blast- 
ing.—The bottom of the shaft is carried in a series of benches, the first 
bench or sump being driven in advance across the width of the shaft. 
The drill holes range from 3 to 4 ft. in depth. The work follows in orderly 
sequence—drilling, blasting, mucking, and timbering. In soft materials 
the pick, shovel, and bar are used for excavation. 

2. Machine Drilling and Blasting. —This is the usual method employed 
for medium hard to hard rocks. The sequence of operations is as follows: 
Lowering lights (where electricity is used), drilling, setting blasting boards 
on timbers, removing men, charging holes, firing, removal of powder 
smoke, and mucking. Timbering follows the excavation at distances 
varying from 10 to 50 ft. With fissured rock the timbering follows close 
down upon the excavation, which is kept as close to the outer line of the 
lagging as possible. Holes are drilled from 4 to 8 ft. in depth. Hand- 
held automatically rotated drills are used, receiving air from a manifold 
on the air pipe. From 2 to 12 drills may be used, the number depend- 
ing upon the cross section of the shaft and the rate of sinking desired. 

Improvements in the usual method of handling the broken rock by 
means of the bucket and shoveling have been made in recent practice. 
H. R. Drullard describes the following method, used in Butte. An exten- 
sion is used upon a sinking cage, enabling it to be lowered to the bottom 
of the shaft. Extension runners up to a length of some 30 ft. are attached 
to the cage, giving a corresponding range below the ends of the guide 
timbers. A mine car is used on the cage. The side of the cage is 
redesigned so as to give a free opening at the side at the top edge of the 
car body. An auxiliary panlike bucket, 36 in. in length, 29 in. in width, 
and 18 in. in height is used on the shaft bottom. The broken rock is 
shoveled into this and hoisted by a small electric or air hoist, which is 
placed two or three sets above the lowest timber set and controlled by 
ropes attached to the throttle and brake. The discharge end of the 
bucket is attached by links or short chains to the side of the cage, and as 
the bucket is raised it tips up and discharges into the car. A considerable 
saving in time and effort results by the use of this rig, which is shown in 
Fig. 245. A skip is also used ina similar manner. Hubbell describes the 
use of a short steel slide and a scraper, the combination being used for 
loading a sinking bucket. 

3. Raising Shafts.—This method can be applied only where under- 
ground workings can be extended to the shaft section. A timbered 
raise is driven. Shaft timbers are used, and the timbering of the shaft is 
completed as the raise is driven upward. A working platform is placed 
upon the uppermost set; one compartment is boarded up on the sides 
and used as a waste chute and the other as a manway. Air pipes are 
extended upward for ventilation. A type of round is used for blast- 
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ing similar to that required in sinking. The advantage of the system 


is that the handling of the waste is much simplified and is done at a 
minimum cost. Greater speed can also be attained. Stoping drills 
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Fig. 245.—Butte method of shaft mucking. (H.R. Drullard.) 


are used. The sequence of steps is as follows: Removal of spoil from 
working platform; setting of timbers; drilling with stoping drill; placing 
blasting boards on timbers; removing drills and air hose; charging holes; 
firing; removal of gaseous products of blasting; placing working platform 
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upon timbers. The method is impracticable in soft or loose ground. In 
large shafts, part of the shaft is sometimes sunk and the remainder 
stripped down. : 

4. Forepoling.—In starting a shaft in soft ground, the sides of the 
excavation can be protected by driving a wall of sheet piling about the 
shaft. The enclosed earth is removed, the timber sets are placed in 
position, and the sheet-piling wall is braced. Within the first line of 
sheet piling another line is driven and excavation and timbering proceed. 
In the sinking of a deep shaft, spiling may be driven in advance of the 
excavation, to support the excavation temporarily while the main shaft 
sets are being placed in position. 
Spiling consists of 2- by 6- or 3- by 
6-in. boards, 6 ft. long. One end is 
chisel-shaped. 

A modification of this method 
consists in using solid cribbing, 12- 
by 12-in. timbers bolted together and 
suspended from supports above. At 
the bottom a steel sleeve similar in 
principle to the shield used in tunnel 
driving is used. This is constructed 
of 14-in. steel plates and is provided 
with a cutting edge and a heavy tim- 
ber or steel bracket. Jack screws are 
used between the lowest crib set and 
the bracket, and the steel sleeve is 
forced down. As soon as a sufficient 
advance has been made another crib 
set is placed. Figure 246 shows eld Siew ais 

ee Fig. 246.—Shaft sinking in difficult 
the principle of the arrangement. eround: 
Where the sinking is in sand contain- 
ing much water, a steel drum 24 to 36 in. in diameter is forced down in 
the bottom and used as a sump in order to drain the sand in advance of 
the working. 

5. Forepoling.—In quicksand, bottom boards are used in order to 
prevent the sand from being forced in. They are used in conjunction 
with spiling and are braced by struts extending back to the timbers 
already in place. One bottom board is advanced at a time until a 
sufficient advance has been made for a new set. 

6. Steel Sheet Piling.—United States Steel, Lackawanna, or other 
forms of steel sheet piling can be substituted for wooden sheet piles. By 
their use shafts can be sunk more satisfactorily than with the wooden 
sheet piling. The extreme length of steel sheet piling ranges from 60 to 
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80 ft. These piles are driven with a pile driver to their full depth before 
the material enclosed is removed. As the shaft is excavated the wall of 
sheet piling is braced by wall plates and dividers suspended from bearers 
at the surface. ( 

7. Boring Methods.—The Kind-Chaudron method of boring a shaft 
was in effect boring by a large-diameter churn drill of great weight. It 
possessed the advantage of sinking and lining without dewatering but 
required highly specialized equipment. It is now of historic interest 
only. See ‘‘Shaft Sinking under Difficult Conditions,” by Riemer, 
Corning, and Peele, and ‘“‘Modern Mining Practice,”’ by Bailes-Cousins, 
vol. 3, p. 129. 


The J. B. Newsom method of shaft boring is based on chilled-shot 


boring, described in a previous chapter. Newsom started work in 1934. 
His method is applicable to hard, firm rocks which are not water-bearing 
or which can be drained. Softer rocks that do not swell and some water 
flow may be handled. The maximum diameter of bore attempted is 
5.5 ft.; depths attained were 1 152 ft. at Grass Valley and 1,208 ft. at the 
Zenith mine. 

The cutting tool (core barrel) is cylindrical, 15 ft. in length; the cutting 
ring, 114 in. in thickness and riveted to the shell. Notches are cut in 
the shoe to afford openings for the entrance of the chilled shot, which is 
fed down into the kerf. The relatively short drilling bar that rotates the 
core barrel is driven by a turntable, a gear train, and a 100-hp. motor 
contained in a cylindrical cage, which is attached to bails and a hoisting 
rope. Jackscrews pressing against the wall of the bore prevent turning 
of the cage. The speed of the cutting tool is 52 r.p.m., weight 6 tons, 
and length inside the core barrel with new shoe 15 ft. 2 in. Power is 
supplied by cable. An air hose provides air for the operator. A man 
cage, muck bucket, bailer, core puller, essential safety appliances; hoist, 
derrick, and reels for power cable and air hose complete the equipment. 

When the bore reaches the limit imposed by the length of the core 
barrel or by the presence of slip planes, boring is stopped, the jacks are 
loosened, and the cage and core barrel are hoisted to the surface; cuttings 
are bailed out and the core is broken by wedging. <A corer is lowered over 
the core and it is hoisted to the surface. Two operators are required per 
shift, one in the drilling cage and the other at the surface. Experience 
obtained in three bores has greatly improved drilling equipment and 
technique. 

The Idaho-Maryland bore required 21 months for its completion 
to 1,152 ft. The Zenith ventilating shaft required less than 7 months 
for 1,200 ft., 11,044 man-hours in all, making an average advance of 5.8 
ft. per day. Direct cost was $19.50 per foot or 82 cents per cubic foot; 
labor and supervision was $12.16 and power and materials $7.34 per foot. 
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Chilled shot consumed was 32 Ib. per foot. Many other details are given 
in Technical Publication 1068, A.I.M.E. 

8. Drop Shaft.—Vhe caisson consists of a hollow cylinder constructed 
of steel, timber, brick, or concrete. The lower edge is a steel-cutting 
shoe. The shoe is placed in position and the first section of the caisson 
is constructed. It is then sunk by excavating the material within by 
hand or by dredging with an orange-peel bucket. The weight of the 
‘caisson causes it to settle and follow down with the excavation. As the 


FRICTIONAL RESISTANCE PER SQUARE Foot or SuRFACE* 


Cast-iron cylinder in gravel............... 200 Ib. 
Cast-iron cylinder in sand and river mud... 400 lb., 600 lb. small depth 
Cast-iron cylinder in sand and gravel...... 800 lb., 1,000 lb. for 20 to 30 ft. 
Pneumatic caisson in silt, sand, and mud (40 

CORSO Mit ce py Ul) meetrerara rater tuactty seeettavsicatals 280 Ib., 350 Ib. 
Pneumatic caisson of Brooklyn Bridge..... 600 Ib. 


Five shafts sunk on the Catskill Aqueduct. 300 to 400 lb. 
630 lb. for 95-ft. depth 
751 Ib. for 116-ft. depth 
1,411 to 872 lb. for depth of 49 to 79 ft. 


« Eng. Contr., vol. 39, p. 391. 
caisson sinks additional sections are constructed. The frictional resis- 
tance opposing the movement of the caisson has been determined in a 
number of cases. The three factors are the nature of the exterior surface 
of the caisson, the material sunk through, and the depth. Sand offers 
great resistance, muds and clays less. 

In some cases it may be necessary to load the caisson to the extent of 
2,500 to 3,000 lb. per square foot of rubbing surface. 

9. Compressed-air Caisson.—The method differs from the preceding in 
that a closed chamber, the working chamber, is placed on the bottom of 
the caisson. This chamber is filled with air under sufficient pressure to 
prevent the entrance of the water. Access to the working chamber is 
obtained through air locks, by which men enter and material is removed. 
Air pressure must be maintained constantly during sinking operations 
and the men must work in the compressed-air chamber. Only robust 
men can endure such conditions. The method is limited to depths not 
exceeding 125 ft., or when the air pressure required does not exceed 45 
Ib. per sq. in. 

10. Freezing Method.—This is known as the Poetsch method (invented 
in 1883). Itis applied to soft unstable ground carrying large quantities of 
water. Boreholes are sunk on a circle of somewhat larger diameter 
than the shaft and at intervals of 31 to 39 in. apart. Within these 
boreholes pipes for the circulation of the brine are installed. ‘Two pipes 
are necessary, the inner one | in. in diameter, the outer 4 to 5 in. in 
diameter. Two circular manifolds connect the outer and inner pipes, 
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and branches connect with the refrigerating system. Usually an ammo- 
nia refrigerating plant is used. The brine which is cooled at the refrigerat- 
ing plant is either calcium or magnesium chloride solution. The size 
of the plant varies. One plant, capable of producing 60 tons of ice per 
day, consisted of four 40-ton units with a combined freezing capacity 
equal to 160 tons of ice. Freezing requires from 2 to 4 months, depending 
on the size of the shaft. S. F. Walker summarized the principal facts 
concerning the absorption of heat as follows: 


Assuming that the ground is saturated with water: 
Volume of water, 37 per cent or 19.6 per cent by weight. 
Volume of sand, 63 per cent or 80.4 per cent by weight. 
Specific heat of water, 1.0. 

Specific heat of sand, 0.2. 
Specific heat of ice, 0.5. 


Approximately 2000 B.t.u. will be required to absorb the heat from 
1 gal. of water and change it into ice. By assuming that an ice cylinder 
is equal to twice the diameter of the shaft in the clear and of a depth 
equal to the depth of the freezing tubes plus two-thirds the clear diameter 
of the shaft, the approximate weights of sand and water to be frozen 
can be calculated, and from these weights the total heat to be absorbed 
can be determined. More or less heat will be lost by conduction and by 
the circulation of the water. Once the ice cylinder has been formed 
the refrigeration is kept up, but at a lower rate. It is necessary to 
operate the refrigerating plant throughout the period of sinking and 
tubbing. Walker estimates that in one case 1,600,000,000 B.t.u. was 
absorbed in freezing an ice cylinder (17,000,000 B.t.u. per day). The 
progress of freezing can be determined by measuring the rate of circula- 
tion of the brine and measuring the temperatures of the ingoing and out- 
going brine. . 

The depth to which it is possible to go is given by various authorities 
as ranging from 787 to 1,300 ft. Solid ice at 20°C. and under a 
pressure of 20 atmospheres (656 ft.) becomes plastic likeclay. Mixed with 
sand and clay, its plasticity isless. The difficulties arising are the deflec- 
tion of the bores, the breakages of the pipes due to contraction, and the 
presence of saline waters. This method is used where others fail. | 

In sinking in the frozen cylinder, light powder charges are used and 
a temporary wooden timber support is carried down. The permanent 
cast-iron lining is started from the bottom of the shaft and carried up, 
the temporary wooden lining being removed. 

Oetling Freezing Method.—This method involves the idea of freezing 
the ground in sections as the sinking proceeds. The permanent lining is 
put in as the shaft is sunk. The freezing apparatus is a cylinder equal 
in diameter to the shaft and 44 in. in height, with the lower end closed 
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by a plate. The cylinder is in sections, each of which can be removed. 
Each section is provided with freezing coils. After freezing the ground, 
two sections are removed, the ground is thawed locally and removed, and 
a segment of the lining is inserted. This process is repeated. 

11. Cementation.—Cement injection of the rock zone surrounding a 
proposed shaft site as a preliminary to actual excavation, the purpose 
being to seal off water, is a comparatively recent method. The success 
that has attended its use gives it prominence as an important adjunct 
of shaft sinking. In principle it is nothing more than grouting on a large 
scale. The method is applied to shaft sinking in the following manner. 
Six or eight boreholes are driven in a circle surrounding the shaft section. 
The circle is from 2 to 4 ft. greater in 
diameter than the inside diameter Sar anonen 
of the shaft. The upper portion of 
each borehole is lined with a heavy 
steel casing that is provided with a 
cast-iron head containing an inlet 
connection for the cement injection 
pipe and an outlet pipe and valve 
(Fig. 247). A churn drill is used 
for sinking in hard or brittle rocks; 
augers are used in soft rock. The 
cementing is done in stages. After 
the hole has been deepened the ce- 
ment injection pipe is lowered almost 
to the bottom, the cast-iron head is 
attached, and a hose connection is 
made between the pipe and the 
pump. Clear water is then pumped 
through the injection pipe and discharged at the outlet on the casing 
head. When the bore is thoroughly clear, the outlet on the casing head 
is closed and the pump is worked to its full capacity in order to clear 
the crevices and fissures as much as possible. About half an hour is 
required for this. Then, without disturbing the connections, a mixture 
of cement and water (5 per cent by weight) is forced through the pipe. 
After about an hour the proportion of cement is increased to 10 per cent. 
The filling of the fissures with cement is indicated by a rise in the pressure 
shown on the gage attached to the casing head or the pump. When the 
pressure rapidly rises, indicating the almost complete filling of the fissures, 
the outlet on the casing head is gradually opened and the excess cement is 
returned. Cementing is completed when the outlet valve must be fully 
opened in order to keep the pump in operation. Clear water is then 
pumped through the injection pipe, and the pump, pipe, and bore are 


Fig. 247.+-Pipe arrangements for ce- 
menting shafts. 
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cleared of the excess of cement. The injection pipe is removed and the 
bore is left for 8 to 10 hr., or until the cement sets. The surplus cement 
mixture returned is used on another hole. Where the pressure suddenly 
drops during cementation, indicating the breaking through of cement in a 
fissure or the opening of a channel to the surface, a mixture of 30 per cent 
is pumped under moderate pressure until the pressure begins to rise. 
The length of the advance of the borehole that can be cemented in a single 
stage depends primarily upon the stability of the walls of the bore. This 
advance is 3 to 20 ft. or more. If the bore stands well, it may be sunk 
to the required depth and cemented at one operation. The result of the 
cementing is to surround the shaft excavation with a wall of grouted 
rock, within which the shaft can be sunk by ordinary methods. There 
is a close resemblance to the freezing method, in that the frozen water 
binds the rock mass together in much the same manner as the cement in 
setting binds the aggregate in concrete. The pump used is a duplex 
plunger pump provided with steel ball valves, as ordinary rubber valves 
wear too rapidly to be used. The quantity of cement required varies with 
the volume of the fissures to be filled; a badly broken rock mass would of 
course require a correspondingly greater volume of cement. A few 
large fissures may be of considerable extent and must be filled. The 
following table illustrates the quantity required for a single borehole 
in one case. 


Taste 110 
Depth 
. Cc b- | C - 
Rock PLE Sees 
nite In. 
16 0 | Earth : 
32 OS Crumb ly challkpeen ee oern n eD n OU) 700 vat) 
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146 Opp C@hallksancdetlint canna nt enn AOD Ne Abner eee ae 85 .2-121 
260 OM Gray, fullensreantives eens 
, DOta asad ee ee ea eee 263,200 | 23,100 


Where water-bearing fissured zones are penetrated in shaft sinking, 
the removal of the water can sometimes be obviated by drilling diamond- 
drill holes in the shaft bottom and cementing the fissures in a manner 
similar to that described. The method has the decided advantage of 
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requiring a small and simple plant involving a relatively small investment 
as compared with the plant required for the freezing method. Hard, 
brittle, or granular rocks can be cemented in the manner described. 
Clayey rocks, marls, and plastic rocks generally offer difficulties. 

Relative Importance of Sinking Methods.—In self-sustaining rocks, 
hand-held drills and sinkers are standard for drilling. Blastholes and 
and blasting are planned to cut down overbreak and wall weakening as 
much as possible, and steel blasting shields are generally used. Mucking 
is by shovel into loading bucket or tray (Drullard method, p. 521), 
which is hoisted and discharged into a skip or car on a cage with extension 
shoes long enough to reach the shaft bottom, or by the older method 
of shoveling directly into the shaft buckets. J. M. Riddell and G. A. 
Morrison recently described a method of mechanical mucking (Technical 
Publication 1778, A.I.M.E.)in which a small clamshell bucket, 7.65 cu. ft., 
is operated by a hoist supported upon a movable platform, which in turn 
is on a frame attached to the lowest shaft set; the operator can move the 
bucket along the long axis of the shaft and thus serve most of its area. 
The loaded clamshell is discharged into a 32-cu. ft. round shaft bucket. 
The rig was tried out on 1,126 ft. of 8- by 17-ft. shaft section. Mucking 
rate per hour per man in cubic feet was as follows: Hand method 37.2 and 
29.1, mechanized 211.7 and 152.2, for shale and limestone, respectively. 

Difficult shaft sinking in surface alluvials is usually handled by steel 
sheet piling for support in advance of excavation by clamshell bucket, 
by drop shaft or open caisson, or by some modification of the movable 
open-bottom shield (p. 523). Where much water and bad ground extend 
beyond the limits of these methods freezing a deep cylinder of ground and 
excavating the shaft therein is in order although both expense and 
difficulty are considerable. Deep sinking in fractured water-bearing 
formations where the quantity of water precludes pumping is by advance 
cementation in stages through long drill holes followed by ordinary 
methods of shaft excavation. 

The Newson method of boring is advantageous for ventilating out- 
lets to the surface and exits for safety purposes. Underground chilled- 
shot holes have been used for ventilating connections between levels, 
but the greatest diameter used is some 4 ft. and the depth between 200 
300 ft. At Butte a 36-in. bore connected with bottom levels and facili- 
tated ventilation; at the United Verde mine a 48-in. bore is used for the 
same purpose. In both mines the calyx drill was used. J. B. Pullen 
gives the cost at United Verde for a 48-in. calyx borehole as $10.10 per 
foot or 80 cents per cubic foot. 

Probably the earliest use of a churn drill underground was described 
by G. N. Bjorge in 1914. It was used for ventilation connections and 
prospecting and later for advance draining of levels in heavy water zones. 
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Rate of Sinking Shafts.—The rate of shaft sinking varies between 
wide limits. Ground conditions, depth, method, and local conditions 
influence the rate. Usually when work is started it is continuously 
prosecuted and two or three shifts per day are the rule. Shafts are sunk 
in heavy ground or in very wet ground at a much lower rate than where 
the ground is firm and free from water. Special methods of shaft sinking 
for difficult conditions are slow and the rate of sinking exceedingly low. 
Under normal conditions with dry shafts a rate of 70 to 100 ft. per month 
can be obtained. With a water inflow of 150 gal. per min. the rate falls to 
50 ft.; where it is 500 gal., to 25 ft. per month. On the New York aque- 
duct a shaft was sunk in granite 183 ft. in 27 working days. At the New 
Kleinfontein shaft on the Rand, a maximum rate of 213.5 ft. was attained 
in 1 month.1 The comparatively shallow shafts (250 to 350 ft.) in 
Minnesota iron mines are sunk at the rate of 40 ft. per month.? In 
soft-ground sinking with much water a rate of 10 ft. per month is con- 
sidered good progress. By the Kind-Chaudron system of shaft boring 
the rate of sinking ranges from 10 to 30 ft. per month. Caisson sinking 
ranges from 10 to 50 ft. per month. 

The maximum shaft-sinking rate was obtained in the Water Lily shaft 
of the Chief Consolidated Mining Co. near Eureka, Utah. The record 
was 427.5 ft. in 31 working days. The shaft was dry and the excavation 
was made in porphyry of average hardness.’ 

Details of Raising.—The example is taken from an article describing 
the Treasury tunnel raise, Ouray County, Colo. The raise was driven 
from an adit, 5,500 ft. long, on a vein to a vertical distance of 853 ft. above 
the adit level. The dip of the vein ranged from 45 to 60 deg. The 
dimensions of the raise were 11 by 5ft. It was divided into two compart- 
ments, one 5 by 5 ft. for a rock chute and one 4 by 5 ft. for ladder, bucket 
slide, and compressed-air pipe. * A 12-in. stull divided the chute from the 
manway. An 8-in. stull was placed on the other side of the manway. 
The stulls were placed in hitches at 5-ft. centers. Three-inch plank lag- 
ging divided the manway from the rock chute. A heavy floor (6- to 10-in. 
square timbers) placed on the topmost stulls served to protect the man- 
way during blasting. The rock chute was kept almost full; only enough 
material was drawn out to take the rock broken from a round. A small 
compressed-air hoist served to raise timbers and tools, which were handled 
in a bucket. Two miners and two timbermen were the working crew on 
each of two 8-hr. shifts. Drilling was done with two 3C Waugh stopers. 
The round consisted of eight to nine 514-ft. holes and required 2.5 hr. to 
complete. The cut holes were placed See the rock chute, and the other 

1 Hing. Min. Jour. , July 29, 1911, p. 223. 


2 Ballas Meinesnte School of ines p. 73, 
3 Hing. Min. Jour., vol. 118, p. 61, 
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holes were so placed as to throw the rock into the rock chute and away 
from the manway. Several small chambers were constructed at differ- 
ent points on the manway and used during blasting. 

Shaft sinking by raising is accomplished by raising over the full sec- 
tion, or by driving a small raise and then stripping down the remainder to 
the section using the raise as a rock chute. In stripping down, vertical 
holes are drilled on the bench with hand-held rotating hammer drills, or 
air-feed stopers can be used in the raise to drill holes at a 45-deg. angle 
through the sides of the raise and into the bench. In the latter case a 
platform has to be constructed in the raise for each round. 

Cost of Shaft Sinking.—The cost of shaft sinking is commonly 
given in terms of cost per foot. The unit cost cannot be conveniently 
compared without specific knowledge of the cross section. For this 
reason the unit of cost based upon the cubic foot has been introduced in 
this book and used as far as practicable. The area of the shaft section is 
taken as the area of the timber set measured on the outside, plus 20 per 
cent of this area. Specific data on the sectional area of the excavation 
are used instead when they are obtainable. 

Unit cost is influenced by the depth of the shaft, the area of section, 
the hardness of the ground, the support required, the amount of water 
to be handled, the efficiency of the workers, the wages paid, and the 
cost of materials required. Unit cost steadily increases with the depth. 
The larger the shaft section, other things being equal, the smaller the 
cost per cubic foot. The cubic foot cost is greater for shafts of small cross 
section than for shafts of normal section (say 130 to 150 sq. ft.). It 
decreases very slightly as the area is increased above the normal area or, 
7.e., it approaches a constant value. The hardness of the ground is not a 
very important factor. In very soft ground the extra expense for sup- 
port overbalances the saving in excavation, while in very hard ground the 
decrease in the expense for support makes up for the increased cost of 
breaking. Hard ground requires increased capital for compressors and 
drills that are unnecessary in soft ground. The support required is an 
important factor. Heavier timbers and a greater proportion of labor are 
required in heavy ground. The rate of sinking is also lower and the over- 
head expense per unit is consequently greater. Where the amount of 
water to be handled exceeds a nominal quantity, the unit cost is rapidly 
increased. The cost of pumping and the inevitable delays occasioned in 
all the operations by the handling of the pumps and pipes, as well as the 
increased wage demanded by miners for wet shaft work, are the factors 
that make the increased cost. Where the quantity of water reaches 4,000 
or 5,000 gal. per min. the unit cost may quickly reach a prohibitive figure. 
Efficiency is secured by good organization and superintendence and the use 
of a bonus system of payment. Increased efficiency operates to decrease 
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direct unit costs, and by securing a high rate of sinking it indirectly 
decreases overhead and general charges. The wage is less important 
as a factor than the securing of experienced and efficient workers. Shaft- 
men usually receive higher wages than ordinary miners and it is on 
the whole an economy to pay a sufficient wage to attract the best workers. 
Increase in the cost of supplies results in a proportional increase in the 
unit cost. The powder, timber, and other supplies, assuming efficient 
use, are a constant quantity for any given case. 

Where shafts exceed a nominal depth (500 to 1,000 ft.) a high rate of 
sinking should be attained with the object of reducing the general charges 
for plant, superintendence, and engineering. 

Examples of Cost of Shaft Sinking.—Shaft-sinking costs are reported 
in a variety of ways. Often specific data are lacking, and as a conse- 
quence it is difficult to compare costs. A general table, Table 111, has 
been compiled in which a number of costs have been brought together. 


In most cases the costs represent direct costs and overhead; plant and 4 


engineering are not included. 

The cost of raises is usually less per cubic foot than the cost for sinking, 
because mucking is reduced to a small factor. Examples of cost in metal 
mines are given in Table 112. The costs given in the table are estimated 
for various sections and different methods of support. 


TaBLE 112.—EstTimMaTeD Cost oF RaIsING* 


. Square-set, Large 
4\6 xa aera sebbed: io ee oe Ht. 
s< Wedin 446 X 9 ft. Hmberwe | oe oe 

timber 

Direct labor: 

Drillin geese aes cok eee ee $1.90 $ 2.50 $ 2.50 | $ 3.25 $ 2.80 
sits nanos Geer ees 0.40 0.65 0.60 1.35 1.05 
Milind oYeraWOVR, 15 vb hens oo ne bak 0.30 0.60 0.80 2.50 1.90 
Indirectalabore wwe eerie ao 2.25 2.25 3.85 3.20 
LNSUYANCeRReyay er Les Rhee 0.13 0.18 0.18 0.35 0.25 
Explosiv.estessa, tw ere 1.40 1.90 1.90 2.30 2.15 
Hh cav oes dee ar, ot es selec A nts 0.24 1.32 2,12 6.08 8.80 
Drill-steel expense.......... 0.50 0.70 0.70 1.30 1.20 
Drill repairs Sawer 0.35 0.50 0.50 0.80 0.75 
RO WELT A dete Me etiee ke ee 0.50 0.75 0.75 1.40 1,20 
Miscellaneous supplies....... 0.60 0.75 0.75 0.95 0.95 
ROAlS rn yore eet ek, eee $8.07 $12.10 $13.05 $24.13 | $24.25 


aM. J. Elsing, Eng. Min. Jour., vol. 183, p. 78. 


TUNNELING AND DRIFTING 


The methods used in driving adits, drifts, crosscuts, entries, etc., 
are relatively simple. THey are best described with reference to the rock 
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materials through which the working must be extended. The rock 
materials are hard rock, soft rock, loose rock, swelling ground, and quick- 
sand. Workings of small cross section are driven almost invariably from 
one end and over the full cross section. Large-section workings are 
sometimes advanced in two stages, an advance heading in the top of the 
section and a bench that follows at a short interval. Long adits are 
sometimes driven from a number of faces by sinking shafts along the 
line of the adit and starting working faces in both directions from each 
shaft bottom. As an instance, four shafts were sunk on the line of the 
Sutro tunnel with the object of starting work on nine faces; but the 
shafts were abandoned, principally on account of the difficulty of draining 
them, and the work was prosecuted from the portal face alone. 

Hard Rock.— Hand or machine drills are employed to drill successive 
rounds of holes in the face. Each round is blasted and the broken rock 
is removed. The section is trimmed to its clear dimensions by supple- 
mentary drilling and blasting. Machine drilling has superseded hand 
drilling to a large extent; the latter is now used only in prospecting or 
where local conditions prevent the employment of drilling machines. 
The layout and depth of the drill holes are determined by trial and are 
then used throughout the work, unless the formation changes radically. 
From two to three drills are employed on adits, one drill on ordinary 
drifts. As two or three shifts are operated, the cycle of operations is 
planned to conform as nearly as possible with the division into 8-hr. 
shifts. Thus drilling and blasting may be performed on one shift by a 
separate crew; mucking, track laying, and pipe laying on the second shift; 
and timbering on the third. In small drifts the drilling and mucking may 
be performed in one shift, with the cycle repeated in the next. 

Soft Rock.—The method is the same in principle as the preceding, 
though fewer holes and less powder are required. The working is carried 
forward in successive rounds. Hand-held drills or unmounted air drills 
are frequently used in place of the bar- or column-mounted drills. Lighter 
drilling equipment is one conspicuous feature. Entries driven in coal are 
undercut or sheared by machine, and from two to four holes are used to 
break the remainder of the section. Timbering is usually required and is 
carried close to the face. 

Loose Rock.—Rock which will not stand or which is unstable in 
advance of the timbering comes under this designation. There are all 
gradations, from sand to fractured rock. Where loose rock must be 
drilled and blasted, the rounds are made as short as possible, light powder 
charges are used, and the back is thoroughly barred down after blasting. 
Sufficient broken rock is removed to permit of placing the sets and top 
lagging boards. Where the back is, too weak for this, the caps are 
provided with bridge pieces and the top lagging is driven inadvance of the 
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last set before mucking is started. In sand, gravel, or similar material 
blasting is unnecessary and forepoling is resorted to. The poling pieces 
are driven on both the top and sides of the section and serve to protect the 
miners from sudden falls or runs. The details of forepoling are given in 
the chapter on Support. 

Swelling Ground.—The problem for material of this nature is one of 
support rather than excavation. The methods of supporting swelling 
ground are discussed in the chapter on Support. The unstable nature of 
the ground requires that the timbering or other methods of support be 
carried to the face. Such ground may stand unsupported a sufficient 
length of time to enable timbers to be placed. 

Quicksand.—Sand saturated with water acts very much like a vis- 
cous fluid. Unlike swelling ground it almost instantly tends to run into 
a working and as a consequence must be thoroughly supported at all 
points. Forepoling with closely placed face boards and the use of 
bottom boards is required, and even this is frequently inadequate. 
Thorough draining of the sand is perhaps the best solution of the prob- 
lem. This can be accomplished by resting the working until the water 
drains off or by driving pipes in advance of the face a sufficient distance 
to remove the water for a distance of 20 or 30 ft. The working can then 
be advanced by forepoling. 

Cycle of Operations.—Where the formations penetrated are uniform, 
a systematic cycle of operations can be planned and the details perfected 
so as to attain rapid progress and economical construction. The sequen- 
tial steps for hard, soft, and loose rock are given in the following outline. 


A. Hard Rock 
1. Picking down loose rock 
2. Setting column or bar 
3. Pointing drills and connectiny air hose 
4. Drilling .' 
5. Tearing down drills and blowing holes out with compressed air 
6. Charging holes 
7. Setting mucking plates; seldom used except for hand mucking 
8. Blasting 
9. Removing foul air at the face 
10. Mucking and picking down 
11. Timbering if necessary 
12. Track and pipe laying 
B. Soft Rock 
. Picking down back and loose rock at sides 
. Undercutting face to depth of, 6 ft. by machine 
. Drilling three to five holes in the face with auger or jumper 
. Charging and blasting 
. Interval of time left for removal of gaseous products of blasting 
Moving cars up to face and cleaning up 
. Mucking and transport 
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8. Timbering 

9. Track and pipe laying; extending ventilating pipe 
C. Loose Rock 
. Driving top boards 
. Partial excavation beneath top boards and at top of section 
. Driving top sideboards 
. Removal of upper breast boards 
. Excavation of upper half section 
. Placing of boom to support top boards 
. Driving of top boards to final position 
. Driving of sideboards and placing breast boards in advance of position; com- 
pleting the excavation 

9. Placing of new set 
10. Removal of boom 
11. Placing top boards in position for driving 
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Parallel Operations.—There is a sequence as in the work at the face 
indicated. Each step influences the final output or advance. A single 
miner and a drill can accomplish an amount measured by his skill and 
the conditions at the face. By doubling up, working two men and two 
drills, drilling and mucking time are cut in half. In the Carlton adit, 
five drills, a mechanical mucker, and a crew of 21 men made an average 
advance of 15.7 ft. per shift; ina 5- by 7-ft. development drift two miners, 
one drill, and hand mucking may accomplish 3 ft. per shift. Where time 
is of primary importance, increasing men and equipment at the face will 
give a higher rate of advance; but much depends upon sharp steel, good 
drills, and experienced men. ‘The distance over which the broken rock 
is transported, the haulage speed, and efficiency in handling trains and 
cars are also factors. The outside crew takes care of tool sharpening 
and preparation of explosives, timber, and other supplies, as well as the 
conditioning of equipment and its repair. 

The auto-feed drill, the drill carriage or jumbo, detachable bits, the 
mucking machine, the storage-battery locomotive, adequate ventilation 
and lighting, high-pressure air, modern explosives, and systematic 
organization of shift crews contribute to high rates of speed in adit, large 
drift, and crosscut operations. Timbering and the presence of much 
water slow down the rate. Other adverse factors, such as loose rock, 
swelling ground, and gas, greatly lower the rate. In long adits supple- 
mentary sidetracks or side drifts at regular intervals facilitate by-passing 
empty and loaded trains and provide storage places for the mucking 
machine and jumbo when they are not in use. The “cherry picker”’ 
lifts empty cars above or to the side of the track so that loaded cars can 
pass beneath or alongside. In the Carlton adit, stations for the jumbo 
were sliced out of the side at intervals of 3,000 ft. and the roof of the adit 
was slashed for the vertical car passer at intervals of 200 to 300 ft. 

In single-heading work three shifts are employed, each shift crew 
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drilling, blasting, mucking, and extending track and pipe for each round, 
the succeeding shift picking up the cycle in whatever stage it happens to 
be. Under adverse conditions two shifts may be used for the regular 
cycle of advance and a smaller shift crew for timbering and accessory 
work. In driving small development drifts a two-man crew completes a 
round along with track, pipe, and timbering. In tunnel operations 
where two headings are in proximity, greater labor efficiency is obtained 
by using two crews, one for drilling and blasting and the other for mucking 
and accessory work. When one face has been blasted the mucking crew 
enters and begins work while the drilling crew is at work on the alternate 
heading. When the distance between headings becomes such that too 
great an amount of time is required for the moving of equipment, single 
heading crews are used. 

Table 113 gives time analyses for average rounds in driving mine 
adits; the Stanislaus tunnel is included for comparison. Table 114 gives 
some details of large mine adits. 


TasLe 113.—Time ANALYSES OF AVERAGE ROUNDS 


Average time, hr. 
. Sheep New- Stanis- 
ee | Sapa ON ee 

Setting up and drilling........ 2.33 4.21 10.0 3.20 
Tearing down: 

Blowing 

Woading $@.hit: ae ee 0.58 1.77 0.40 \! 9.5-3.5 |4 0.30 

Blasting 
@learingycaseener aye: 0.20 0.25 0.30 
Cleaning up shovel........... 0.25 
Mucking.. em sagen ts 2.00 179 1.14 9 1.45 
Interval before setup. 0.25 0.36 
Total time round, br......... 5.61 3.58 6.00 22 5.61 

(approx.) 

IonenaKel GlOIME Miss ooh be nooo ae 8 8.22 4 8 WG 
DUIS Thee TOVEIE TROLUU KEL, ys ob aks ae 800 853 320 1,800 883 
Num bemoficdwillS en seeese: ze 5 4 3 5 
Average feet per day......... 25 47 24 12 235, 1h 32.57 


Norxr.—In the Sheep Creek example some overlap in time occurs; in the Stanislaus tunnel the single- 
heading data were taken; in the Newhouse example some estimation was made; in Ojuela, Carlton, and 
Stanislaus, drill carriages were used, in others column-drill mountings; in Reece Creek and Newhouse 
hand mucking, in others mechanical mucking machines. 

Equipment for Driving Adits and Drifts.—Prospecting and _pre- 
liminary exploration equipment ranges from that used under pioneer 
conditions, such as the hand drill, hammer, sledge, pick, shovel, wheel- 

; : oyae i 5 
barrow, and blacksmith’s outfit, to a more or less mechanized plant. 
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The minimum where electrical power is unavailable consists of light 
drills and mountings, drill rods and detachable bits, hand tools, timber- 
framing tools, a portable compressor of two or three light-drill capacity, 
pipe lines for air and water, a gasoline engine, blower and Ventube, 
light track, and several 12-cu. ft. cars, a magazine, and a blacksmith shop. 
Mules are used on long hauls. A service truck and accessory road may be 
necessary. 


TasBLe 114.—Exampues or Larce Mine Apits 


o_o 
Carlton, er Palidan- Mahr, Elton, Ojuela, 
Colorado Vie. Suyoce, P.I. Peru Utah Mexico 
IDA a crtne Deo ae neared! 1939-41 1936 1937 1929 1937 1927-28 
Width=height, ..<ie0.scs. ses 8x9 See Sr ule LI Tee MOR Tea LD) SCT. 8x9 
Then wth’ Lirecsyaen tewie a osieete? 32,000 5,650 9,450 30,564 24,000 6,000 
PROCKEOS Se te cise eyetem. es Granite. | a seets ee | ss neues eee Volcanics| Alluvial; | Limestone 
: quartzite 
Rock drills, no.-type.......... 5Af 3Af 4Pf 6Hf Af Drifters 
Yes Ae retatetirr, sestolorer eee eae 316 316 34 
IMiouaiabim ge sarily serene dyessnesera as 5-jumbo jumbo 4-jumbo Hor. bar |+5-jumbo | 4-jumbo 
Drilling time per round, hr. | 1.57-1.86]........ 1.5 2 egiltiescc eis cence 1.83 
Deptheholes;,fsa.,-216 a <ls, 460s 3:2.5 en Ae AU lites oy sieversi| esteletacs: oxeregeys ahs elie BM he Boxes 8-10 
Wepthisrounds Lb) i, yece oye epevesss 52988 .45) 0. ese 8 9.8 9 8 
Mucking time, hire.) 0 lev. esas 1.63-2.4M] S.L. - 1.75M 2 S.L. M 2M 
(Giteny Gamer Pte eriaestecs shot setters 3 WO7. ON | eaten Pee bl rag, tea oy nA 4,22 
TULL Orel cleheioet apese voisiele ses aire Sb. loco. | Sb. loco. Diesel ya S\s.2a.chents Sb. loco. | Sb. loco. 
Waresizon CUamLte he atoat heltictete c 81 60 40 50 50 40 
Ventilating pipe dia., in....... PSH GH lets cesses 16 23 22 16 
R.B. R.B. V raise R.B. 
Average monthly advance, ft.| 1,421 AD Drala (ei chal ei sls teNevoko yao ty UV ASME rane claige aoe 714 
Bes timomtiylt wots vstel-'<teieteyere DURCH ACT mal eds cane tea 1,327 1,110 982 1,001 
Average ft. per day........... 47.24 ee Vilos dase oe oe atcllacec dean 4 24 25 
Men per day inside........... 63 14 sh gil ae sein eee sea 39 54 
COs tePer LU sek ects «lated vale okehal |e citaueleraatidyete $23.58 PLCS geet. tere sstsesis| there see ee $21.37 
ING RICIS. COUCHES bb on eens Mo cmod odd 6 \o.00 beds DOU ceases oir Water Water 
Keference: Eng. Min. Jour. for 
OB ag tistans toi ah vie: wh ale Pyeye) 05 61 shou 1941 1938 1938 1934 1940 1928 


Norr.—I.T. = inside timbers; Af = automatic feed; Pf = pneumatic feed; Hf = band feed; 
5-jumbo means 5 drills carried on jumbo; M = mechanical mucking machine; S.L. = slide loader; 
Sb. loc. = storage-battery locomotive; E’ = exhaust; R.B. = Root or Connersville blower; V raise = 
ventilating raise. 


Long adits of large section require a portal plant consisting of power 
and compressor units and shops for tool repairs; tool sharpening, and 
timber framing. For work at the face 3!4-in. drifter drills, drill carriage, 
mucking machine, storage-battery locomotive, two trains of muck cars, 
tracks, pipes, and electrical circuits are required. Ventilation requires a 
15- to 18-in. ventilating pipe and blower. A magazine, water supply, 
and living quarters for the work crews are necessary as well as truck 
service and accessory roads. An operating mine provides equipment 
and facilities for all ordinary development and exploration work and 
need not be described here. 


540 ELEMENTS OF MINING 


Labor Ratios.—Drifting and crosscut labor ratios vary widely and 
depend upon the experience of the miners, the quality of equipment, and 
the amount of timbering required. Under adverse conditions low labor 
ratios are obtained. With hand mucking an average of some 50 cu. ft. 
per man-shift may be obtained. Mechanical loading usually increases 
the labor ratio. Raises usually give higher labor ratios than drifts; 
shaft sinking, smaller ones. Table 115 gives a comparison of small-mine 
operations in which mechanical loading was not used and two tunnels in 
which mechanical mucking machines and jumbos were used. 


TaBLe 115.—Cvusic FEET PER MaANn-SHIFT 


Dritts <1 Bales Shafts mia See 

Rock (M.H. is medium 

hard)................/Above M.H.| Same Same Granite |Granite 
Cross section, ft........ Be Skee 44g x8 416° 9 9146x114) 8x9 

inside timbers 

Area taken, sq. fit, .. 2... 42 40 60 TG el 102.3 
Crew per'shift)-.-5.....- 2 2 2 26 21 
Advance per shift, ft.... 3 4 4 10.8 15.74 
Cu. ft. per man-shift.... 63 80 15 48.3 76.2 
Contract price per ft.... $6 $4 $35 Saze Ome 
Cost per cu. ft., cents... 14.3 10 58 29.40 


Norsr.—Drifts, crosscuts, raises, and shafts were taken from a small mine and are for direct labor 
only; for drifts and crosscuts the men laid their own track and pipe, drilled, and hand-mucked; contract 
prices do not include supplies or power. At this same mine stoping was contracted at a labor price of 
13 cents per cubic foot; station and shaft pockets at 12}4 cents per cubic foot. The Stanislaus tunnel 
data were taken from a single heading operation. 

Rate and Cost of Driving Adits, Drifts, etc——The rate of driving 
depends on the hardness of the rock, the size of the section, the drilling 
appliances used, the air pressure, the kind and amount of powder, the 
skill and efficiency of the workers, the number of shifts per day, and 
the number of workers per shift. The most economical speed is that 
which gives the lowest unit cost. It is impossible to lay down hard and 
fast rules since each case must be adjusted to suit the individual con- 
ditions. However, in many cases the rate of driving is one round per 
shift, equipment and labor being adjusted to attain this end. The burn- 
cut round with its greater depth has increased shift footage, and mechan- 
ical muckers have made it possible to muck out long rounds in about 
the same time that was required for hand-mucking the shorter round. 
Cost per foot has been reduced in some instances but in others little 
advantage has accrued except speed in driving. 

With hand-loading and ordinary depth of rounds, the rate of driving 
5- X 7-f{t. drifts may be 3 to 5 ft. per shift, with costs from $7 to $15 per 
foot. Mechanical muckers increase the per shift footage up to 7 ft. and 


DEVELOPMENT 541 


in larger cross section up to 8 or 9 ft. In block-caving development, 
haulage drifts at Climax Molybdenum, 13 by 11 ft., were driven 9 ft. 
per shift, 4.5 ft. per man-shift; at Inspiration, 9 by 10 ft. to 7 by 814 ft., 
footage was 5 ft. per shift, 114 ft. per man-shift; at Sunrise, 9- by 9-ft. 
drifts, 7 ft. per shift, 7 ft. per man-shift (from Bucky). Costs are not 
available. With power shovels costs may range from 10 to 15 cents per 
cubic foot; with hand-mucking 15 to 30 cents per cubic foot. 

Raises are extended one round per shift with round depths from 4 to 
7 ft. Costs vary with the cross section and the hardness of the rock. 
In hard rocks the range may be from 18 to 30 cents per cubic foot. 

Delineating ore limits by diamond drilling gives shift footages of 10 to 
20 ft. and costs of $1 to $1.50 per foot. 


TasiE 116.—Lagor, Power, anp Suppty Unrrs—DerEvELopmMpEN’ IN Rock AND ORE, 
Monrreat Minn, Monrrnar, WIs. 


Man-hours per foot 
Paennl Explo- ae 
. eee per Breaking, | pimber-| Muck- | Total Wee hare 
ae ing ing labor ft. 
Rock development: 
Main-level drift and cross- 
Cuts. 9! bY 9At. es we Med. hard 4.89 3.07 Ep as) Wet lal 17.6 64 

toil One Code) oes et gray OROITC Hard 6.22 2.67 8.89 19.35 
Sublevel drift and cross- 

Cihisyolby Sabi.) - Med. hard 3.38 2.18 2.39 1295 9.67 37 

Dab yuk Lote ec aes ote s Hard 4.54 epee 1.95 6.49 9.3 
Raising, 2 compt. 4 by 8 

POrva otis eae ate Hard 7.09 5.94 io thes 13.03 13.67 60 

ANTS Ou Uerate ceue gue < ora Med. hard 6.38 Ls Sa oe 6.38 8.61 

Ore development: 
Main-level drift and cross- 

GUUS ONOVAO Lunt atrae ness Med. soft 4.03 SiS 3.22 10.50 16.3 64 
Sublevel 5 by 8ft....... Med. soft 1.56 1.39 1,97 4.92 6.0 37 
Sublevel 5 by 7 ft....... Med. hard 1.83 2.02 3.85 6.2 
Raising, 2 compt. 4 by 8 

Dit ewee ay Addis reg speualoy Med. soft 4.16 4.00 aa 8.16 6.1 60 

Single compt. 4 by 4 ft.} Med. soft © 2.60 2.23 aC 4.83 5: 30 

AND Vick b diaiss hays s5 te Med. soft 3.23 ages ete tes 3723 6.0 
Total, all development...]........... 2.88 1.00 1.65 7.58 8.4 15 


Nore.—Haulage and hoisting man-hours per foot 1.58; supervision 0.47. Total power, kw.-hr. per 
foot: Air compression 37, hoisting 22, haulage 3.4. Labor including supervision 62 per cent of total 
cost; power and supplies; drill steel 38 per cent of total cost. 

From Inf. Circe. 6369, U.S. Bur. Mines. 


Most mining companies contract development work at a given price 
per foot. Power and tools are usually supplied and contractors purchase 
their own explosives. The following example of the Alaska Juneau Co.’s 
practice will serve to give costs for hard-rock driving: Main haulageways, 
9 by 9 ft., $12.50 to $14.50 per foot; drifts and crosscuts, 7 by 5 ft., $7 
to $8.50; powder drifts, 4 by 3 ft. $5.50 to $6.50; stope raises, 5 by 5 ft., 


% 
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$6.50 to $8.50; oreway raises or transfers, 7 by 7 ft., $10 to $12 per foot. 
The contract costs given are for direct labor and explosives, which amount 
to approximately 60 per cent of the total cost per foot. An example is 
given in Table 116. 


DEVELOPMENT COSTS AND FOOTAGES 


Finished Development Represents Money Expended.—As was 
indicated at the beginning of this chapter, to develop completely a 
large ore body in advance of mining operations would represent a large | 
expenditure. While this would be desirable from the standpoint of 
simplifying and making more definite the mining problem, it is not expe- 
dient for economic reasons. It has the further objection that more or 
less expense would be incurred in keeping the development workings 
open. The development is consequently planned so that it will be well 
in advance of mining operations. Just sufficient new development to 
ensure a steady production of ore represents the ideal toward which the 
engineer should aim. It is impossible to lay down any hard and fast 
rules, and the good judgment of the engineer would decide in any one 
case. In most metal mines it is desirable to work several levels 
simultaneously, thus obtaining a steady production of a more or less 
uniform grade. Ores vary in richnesss in different parts of a vein 
and it is undesirable to mine all the ore from a rich stope and then 
the lean ores from other parts. A judicious selection of rich and 
poor ores is better, and a more uniform metal production can be 
made. The engineer should endeavor to place the smallest amount 
of capital into advance development work consistent with the continuous 
production of a given tonnage. 


Maximum Aanp MINIMUM DEVELOPMENT Costs¢ 


ip lla BL lvnG ain agGh pee iei Da! | Gs A cic io eee 


Devel- 

Mining method Big cage Ree ee TEN ene ae per cent 

mining 

Glory, ori llTholemensssti near int ee 40-220 |$0.053-$0 . 35/$0.64-$1.83] 8-29 
Open stope, iron mines, per long ton. . .| 30-125 | 0.103— 0.25] 0.93— 1.41] 9-35 
Open stope, various mines............| 11-70 | 0.197— 1.16] 1.12— 5.01] 10-29 
Nhitinkageistopin cen 5-210 | 0.080— 2.87} 0.30— 6.76] 14-42 
Cut-and-fill stoping................. 7-30 | 0.490— 0.92) 2.44—- 6.42] 5-28 
Sqisre-set stoping ew... Satin dyenteeane 6-60 | 0.131— 2.09) 1.77-— 7.75) 4-35 
Lopishicesperiong tons staan ee 34-200 | 0.050— 0.25} 1.10- 2.30] 5-18 
Block=cavingmethoden mannan ee 70-280 | 0.046— 0.30} 0.40— 1.32] 10-29 
Sublevel caving, per long ton.........| 50-60 | 0.254— 0.32] 1.34—- 1.54 19-20 


« Compiled from tables by M. S. Elsing, Eng. Min. Jour,, vol. 137, p. 245. 
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Development costs theoretically should be distributed over the 
tonnage developed by the workings. This is sometimes done, but in 
practice the most convenient method is to add the current development 
costs to the mining costs or distribute them over the tonnage produced in 
the given time. In the accompanying table maximum and minimum 
mining and development costs are compared for different mining methods. 

The preliminary development at Ajo (Arizona) is of sufficient interest 
to be included. 


DEVELOPMENT aT Ago (ARIZONA) BY THE CaLumMET & Arizona MINING Co.? 


Diamond-crillpwoless(S4) perk r. amen ee hoy | aia eea icra. 23,097 ft. 
Beste wits pip) eee sie Mn ae ee Meee eo! tea MLA Arg cuni Nongs 3,955 ft. 
VFB MOVERS il EVES Siesta x ine cata ks AM oN eee NT eR Sli satoe 
Sinisinewandenalsine ound rill holeseie sen reese eee 317 it. 
Ore estimate: 
Carbonate ore.......:.....- 11,954,000 tons 1.54 per cent copper 
Sulphideyoremewrmii tee 28,303,000 tons 1.50 per cent copper 
PU Otel cee escuchar 40,258,000 tons 1.51 per cent copper 


Time required, approximately 2 years. 
« Trans. A.I.M.E., vol. 49, p. 606. 

The preliminary development work required for iron-ore deposits 
upon the Cayuna Range, Minn., is stated by P. W. Donovan! to consist 
of from 12 to 15 holes of an approximate average depth of 260 ft. each or 
3,400 ft. of drilling per 40-acre block. The holes are placed in cross 


Taste 117.—ANNUAL DEVELOPMENT Fooraces, ALASKA JUNEAU MINE 


Detail, ft. 1935 1936 1937 1988 cpio uml 
HD Tits, CLOSSCUUS hee ote oem ee 3,926 8,297 13,912 17,295 149,452 
UB ISCS PAM en ORE. Biel ahaa 6,676 10,916 10,178 14,637 137,927 
AWAMIZESAM feiies Rist lmrete alors 34 635 281 134 4,875 
Intermediate drifts.......... 832 248 1,074 230 Ie nas 
ROW GeIpariltsnuere sc sce iat 1,472 2,463 5,484 6,744 66,021 
Bulldozing chambers........ 622 707 208 247 3,856 
SRE LENOUS 9 oc ch ce Bedua erecta Sole one 22 208 129 129 5,586 
Motal footage... ..... Hoan 13,584 23,474 31,266 39,416 381,272 
Stope area cut out, sq. ft.... 27,608 81,792 82,350 58,308} 1,236,987 
Monssmillediemrmeess sc sce a: 2,091,475] 2,462,046] 2,251,079] 2,478,928) 37,530,918 
Tons rejected........-....45 1,638,185] 1,904,754] 2,191,681) 2,184,952] 32,596,720 

nn nee eee Uy yay EEEyE IESE SISSIES SSSI 


sections 300 ft. apart along the strike of the ore leases. In six developed 
properties upon this range an average of 3,000 ft. of drilling was required 
per 40-acre block. Each foot of drill hole developed 250 tons of mer- 


1 Some Aspects of Exploration and Drilling on the Cayuna Range. P. W. Dono- 
van, Trans. Lake Superior Min. Inst., September, 1915. 
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chantable ore. The cost for preliminary development approximated | 
cent per ton. 

The footage in development required in a given mine ranges in prac- 
tice between wide extremes. The development plan, the size of the 
ore bodies, and the liberality of advance development are factors that 
vary from mine to mine. Certain figures are given in Table 117 showing 
the annual development footages in the case of the Alaska Juneau mine. 
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CHAPTER XV 
UNDERGROUND METHODS 


Nomenclature.—By. the term ‘“‘method,”’ as applied to the winning of 
ore, is meant all the operations involved in excavation and support and 
the handling of ore, waste, men, supplies, and air. Experience has 
evolved certain definite methods, which have received names derived from 
some peculiar characteristic of the method. Necessarily the nomencla- 
ture is not consistent, nor is it clear from the name of the method just 
what is included. Names are used in some localities with a somewhat 
different sense from that in other mining districts. As to excavation, 
all methods involve one or several of the following: Underhand stoping, 
overhand stoping, rill stoping, caving, and undercutting. As to sup- 
port, all methods involve one or several of the following: Unsupported or 
open stopes, stull-timbered stopes, pillar-supported stopes, waste-filled 
stopes, ore-filled stopes (shrinkage stopes), square-set stopes, and square- 
set and filled stopes. As to sequence in the removal of the ore, methods 
may involve the following: Top slicing, bottom slicing, side slicing, 
block-caving, or room-and-pillar work. It is evident that a comprehen- 
sive nomenclature would be exceedingly clumsy, and as a consequence 
the terms ordinarily in use are retained, with but few exceptions, in 
this treatise. ‘The methods discussed are: 


1. Underhand stoping 
Open stopes 
Filled stopes — 
3. Combined overhand and underhand stoping 
Open. stopes 
Partially filled stopes 
Filled stopes 
Alternate pillar and stope 
Without ore passes 
With ore passes 
5. Shrinkage stoping (Alternate pillar and stope 
(a) With subsequent fill 
(6) With backfill 
By drifts 
By rooms 
Sombined top slicing and shrinkage stoping 
. Top slicing with partial ore caving 
. Block-caving; undercut caving 
. Shrinkage stoping and block-caving 
547 


2. Overhand stoping { 


4. Square-set stoping 


. Top slicing and cover caving { 


COMN 
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11. Longwall 

12. Room and pillar 
13. Bord and pillar 

14. Special methods 


DEFINITIONS 


Stope.—Any excavation underground, other than development work- 
ings, made for the purpose of removing ore. The outlines of a stope are 
determined by the outlines of the ore body. 

Stoping is the act of removing the ore. It includes all the operations 
incident to the excavation of the material. 

Back is the lower or under surface of a block of ore. It is a surface 
usually horizontal from end to end, but may be inclined from side to side 
depending upon the dip of the vein. The portion of an ore body between 
two levels is called the back. 

Breast is the vertical end surface of a block. 

Face may be applied to almost any flat surface, although usually 
a vertical surface is implied. 

Stope Drive.—This is a working similar to a drift and is the first face 
driven in opening up a stope. 

Ore Block,—A section of a vein bounded on top and bottom by upper 
and lower drifts and on one or both ends by winzes or raises and ready 
for stoping is called a block. 

Slice.—In an ore body of considerable lateral extent and thickness 
the ore is removed in layers termed slices. A slice may be 6, 12, 20, or 
40 ft. thick. 

Ore Pass or Chute.—Vertical or inclined passageways for the down- 
ward movement of ore are called ore passes or ore chutes. They connect 
with the lower level and are equipped with gates or other appliances 
for controlling the flow of ore. A “transfer” is driven in ore or country 
rock and is used for transfering ore from an upper to a lower part of the 
workings. 

Manway.—Passages, vertical or inclined, for the accommoda- 
tion of ladders, pipes, and timber chutes are called manways, winzes, 
or in some cases raises. Their purpose is to give convenient access to the 
stope. 

Underhand Stoping.—The bench is broken by drill holes drilled 
directly downward or at a steep angle, and the ore is broken out at the 
end of a block. Excavation proceeds from the top toward the bottom 
of a block. 

Overhand Stoping.—The bench is broken by drill holes, which are 
drilled vertically upward in a back, horizontally, or at an angle in a 
breast. The ore is broken so as to fall downward. Excavation proceeds 
from below upward. 
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Rill Stoping.—The face drilled is neither vertical nor horizontal but 
inclined at an angle to the drift, and the ore is broken so as to fall down- 
ward. Excavation proceeds from below upward. 


DESCRIPTION OF METHODS 


1. Underhand Stoping.—The stope is started from a winze or con- 
nection between an upper and lower drift. A horizontal slice from 6 to 
8 ft. high is started on the top of an ore block. The broken ore falls into 
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the ore pass in the winze. When the slice has reached a point where the 
ore must be shoveled to the ore pass, another slice is started immediately 
below the top slice. This procedure is continued until the slices reach a 
limit beyond the service of the ore pass. This limit for a vertical vein is 
established by a plane of approximately 40 deg. dip, the lower end of the 
plane intersecting the lower end of the ore pass and the upper end being 
approximately 100 ft. from the top of the ore pass. For a vein of 40 deg. 
dip the vertical plane perpendicular to the strike at the ore pass is the 
limit of service by the ore pass. Forty degrees may be taken as the 
limit angle of slope necessary for the downward movement of ore with 
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but a moderate amount of shoveling. The function of the ore pass is 
served as long as the ore gravitates to it. More or less shoveling is 
always required. The contour of the ore faces approximates the 40-deg. 
slope or a steeper one so as to reduce shoveling to a minimum. It is 
customary to open new ore passes as the stope is extended along the drift 
(Fig. 248). 

Support of the side wall is effected where necessary by cutting hitches 
and placing stulls in position. With good walls the stulls are placed 
irregularly and only at points where the hanging wall is weak. With 
poor walls stulls are systematically placed in horizontal rows 6 to 8 ft. 
apart vertically and the same distance horizontally. 

Waste occurring in moderate quantity is stowed on platforms that 
are supported upon stulls. Where 20 per cent of the volume of ore is 
waste, the broken waste will occupy 30 per cent of the volume of the 
stope (assuming 1 ton of solid is 13 cu. ft. and 1 ton of loose ore 20 cu. ft.), 
and it is therefore evident that only a moderate proportion of waste can 
be handled. Its separation can be only imperfectly accomplished in the 
stope. 

Access to the stope is through manways constructed alongside an 
ore pass or from the upper level by ladders. Ventilation is easily effected, 
as the winze gives connection between the levels and the stope is open 
except where waste packs are placed, and these do not interfere with the 
circulation of the air. Compressed-air pipes are tapped from the level 
above and air hose are easily placed where desired. 

The Advantages of the Method—When down holes are drilled, the 
workers are on top of the ore, a position safer than where they work 
below a freshly broken baek; little timber is required where the walls 
are solid and do not flake off; loose rock can be safely barred down; fine 
ore can be readily worked down and there is practically no loss from 
fines; the method can be used for the winning of ore below a given 
level without the necessity of driving a lower level; it is especially suitable 
for the working of ore bodies which are in an approximately vertical 
position or which dip at a steep angle. 

The Disadvantage of the Method.—A considerable amount of shoveling 
is required; the broken ore from the upper slices interferes with operations 
on the lower; little ore can be allowed to remain in the stopes; it is 
impracticable on veins of low dip, unless cheap labor is available for 
shoveling; veins containing much waste can be won by more economical 
methods; hoisting of the ore is necessary where a stope is worked below a 
level. 

Modifications of Underhand Stoping.—Sheet ground in the Joplin 
district, Mo., is mined by a modification of underhand stoping. The ore 
bodies, which are flat and usually less than 20 to 30 ft. in thickness, are 
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opened by shafts from 100 to 300 ft. deep. The extraction is accom- 
plished from one level. A heading 6 to 8 ft. high is driven under the 
roof of the deposit, and the remaining bench is removed by drilling holes 
vertically downward from the heading or by deep downwardly inclined 
holes in the base of the bench. Practically no timbers are used, as the 
roof.is supported by pillars irregularly placed at intervals of 25 to 50 ft. 
Figure 249 shows the appearance of the underground excavation. Ore 
transport is readily effected by tracks from the working face to the shaft. 
A pillar of ore is left about the shaft. Only the presence of a compara- 
tively firm roof permits the use of such a simple method. 
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Fia. 249.—Method of mining sheet ground in the Joplin district. 


In the iron mines of Michigan a similar method is followed with the 
difference that the stope is narrow (the width of the ore) and long. 
Stoping is started from a raise at one end of the section to be attacked. 
An advance heading is run, and from this the ore below to the floor of the 
level is removed by underhand stoping. A pillar of ore protects the 
top of the stope from the next level. It is obvious that only a hard ore 
and good walls would permit the use of this method. Figure 250 illus- 
trates the method. 

The method of mining potash salts at Stassfurt, Germany, is illus- 
trated in Fig. 251. The potash formation is firm and enclosed by a 
hanging wall of anhydrite, which stands well over wide chambers, and a 
footwall of rock salt. The potash salts are mined in slices each 25 ft. 
thick. On a given level operations start from a footwall drift. Cham- 
bers are opened out from crosscuts. Between every pair of chambers a 
50-ft. rib or pillar is left, while between the chambers of a pair a 25-ft. 
rib is left. The chamber, 25 ft. in height, is opened out by an advance 
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Fie. 250 —Underhand stoping of iron ores. 
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heading in the top, and the bench below is stoped underhand or by hori- 
zontal holes. As soon as one end of the chamber is cleared, the drift on 
the footwali side is protected by waste walls and timber, and filling is 
dumped in from a crosscut that enters at the top of the chamber. The 
filling follows closely upon the excavation of the potash. Filling is 
obtained from chambers that crosscut the footwall. As soon as a cham- 
ber is filled, operations begin on the next 25-ft. section above. No timber 
is used, although the width of the unsupported chamber may be from 
50 to 75 ft. Operations continue upward until within a short distance 
* of the next main level, where a transverse pillar is left. The ribs extend 
in an unbroken vertical line between the chambers. 
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TRANSVERSE SECTION 
Fig. 252.— Mining iron ore. (Trans. L.S.M.I.) 


Another method used in the iron mines of Michigan has certain 
features resembling the glory-hole method used in surface work. Raises 
are driven from a lower level and terminate at a point a sufficient dis- 
tance below the upper level to leave a pillar to protect the stope. The 
stope is then opened out on either side of the raise. Pillars or ribs are 
left between neighboring stopes. The ore is worked down to the level, 
the raise serving as a chute. The bottom of the stope is sloped so as to 
enable the ore to be worked down with a minimum of shoveling. The 
stope raise connects with the upper level and affords access and ventila- 
tion. The stopes intersect or a thin rib is left between. Ribs and pillars 
eventually cave, and the ore is recovered by drawing it off through foot- 
wall raises. Figure 252 illustrates the method as applied in Mine 21! on 
the Marquette Range, Mich. The method is applied where no timbering 
is required to support the stope. 

1 Mining Methods on the Marquette Range. Trans. Lake Superior Min. Inst., 
vol. 19, p. 131. 
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2. Overhand Stoping.—The nomenclature of this method is more or 
less involved, and terms are used that are variously applied. Part 
of the confusion arises from the fact that there are five possible methods 
of extending the benches used to facilitate breaking. Two methods are 
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shown in Fig. 258a. In the first, horizontal slices are taken off parallel 
with the line of the drift. The horizontal slices may be taken off in 
sequence, or succeeding slices may follow the first with an interval of 
greater or less extent between them. The inverted stepped appearance 
is obtained when a short distance intervenes between the stope faces. 
To this method the term ‘‘back stoping” is commonly applied. Where 
the dip of the vein is low and the slices are carried in sequence instead of 
simultaneously, the term “longwall stoping”’ is sometimes used. It is 
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Fre. 253.—Overhand stoping. 
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customary to term the first or lowest slice the ‘‘stope drive,’ the ‘‘cut- 
ting-out stope,” or “lead stope.”” This may be driven directly from the 
drift, with the drift protected by stulls and heavy lagging, or it may be 
driven with a pillar interval between the drift and the stope drive. The 
second method is to drive the stope parallel with a raise or up the dip. 
The slices may be driven sequentially or stepped, as in the former case. 
The method is referred to as ‘‘side stoping,” “breast stoping,’’ and some- 
times ‘‘raise stoping.”’ It is of uncommon occurrence except in very flat 
veins, and even here it has no particular advantages over back stoping. 
The term “breast stoping” is more commonly applied to the excavation 
of a horizontal slice on the floor of a level in a wide vein. Figure 253b 
illustrates rill stoping. In this method the stope face is inclined to the 
drift. The slices may be extended from the bottom up or from the top 
down. Figure 253c illustrates what is termed ‘‘sawtooth stoping.” In 
this the general line of advance is up the dip. The benches are advanced 
in a line parallel with the drift. The method permits a large number of 
machines to be operated but requires the miners to work under a compara- 
tively dangerous back. 

Overhand stopes may be open or filled. In open stopes where the 
dip of the vein exceeds 30 deg., stulls have to be placed at regular intervals 
in order to support platforms from which the miners work. They also 
serve to support the walls. With good walls, stulls from 18 to 24 ft. 
and of moderate diameter, 12 to 14 in., can be used. Where walls are 
heavy the maximum stoping width is reduced to 15 or 16 ft., and heavy 
stulls have to be used. In steep veins the stulls are placed horizontally 
and reinforced with vertical props. This is an approximation to square- 
set stoping, which is described in another section. The arrangement 
permits a wider stope. In steep veins the ore is broken down upon 
floors supported by stulls and then shoveled down, but with flatter veins 
it can be broken down upon the footwall and allowed to slide to the 
bottom of the stope. More or less ore is allowed to accumulate in the 
bottom of the stope, with the object of protecting the drift timbers and 
chutes. 

The open-stope method applies in general to narrow veins. The 
minimum width varies between 3 and 4 ft., and as a consequence narrower 
veins require the removal of more or less wall rock and the sorting of the 
ore from the waste. Where the stopes are filled, the waste for filling may 
sometimes be sorted out of the ore or secured from a source without the 
stope. Where part of the ore is allowed to remain in the stope as a means 
of support and to afford a working platform, the method is termed 
“shrinkage stoping’? and is, described under that title. Filling may be 
placed in horizontal layers, the layer of filling following the removal of 
a slice of ore. Another slice of ore and another layer of filling follow 
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in sequence. This operation is continued to a distance about 20 ft. from 
the next level. This pillar can be removed by square setting or by stop- 
ing with an inclined back and inclined fill and retreating from one end of 
the stope to the other. The former method is used on wide viens, the 
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Fia. 254.—Overhand stoping with fill. 
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Fig. 255.—Overhand stoping with stulls and waste fill. 
latter on narrow. The method as described above is suitable for a wide 
or narrow ore body where the walls are good and the back stands without 
support. With a moderately strong back and a wide ore body, temporary 
support by means of timber cribs can be placed on the fill and the back 
can be supported. Figure 254 illustrates a typical case of a filled stope. 
In stull-timbered stopes on vertical veins where filling is employed, 
the operations of breaking, ore handling, and waste handling can be 
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segregated on three separate floors, as 
shown in Fig. 255. Floor A is the 
ore-breaking floor. The ore is broken 
down upon a heavy floor supported 
by stulls. In the center of the floor 
a 12-in. plank is omitted and small, 
short boards are used to cover the 
opening, which extends parallel with 
the length of the stope. By remov- 
ing the short crossboards the pile 
of broken ore can be run through the 
central opening into the car below. 
Floor B is the ore-tramming floor. 
The ore cars are trammed to the 
chutes, which are spaced 50 to 75 ft. 
apart and discharge on the level 
below. Floor C is kept open and 
used for tramming waste. The 
waste chute extends to the level above, 
and the car is loaded at the chute and 
trammed to the fill. Waste chutes 
can be spaced at 100- to 150- ft. inter- 
vals. The method involves a mini- 
mum of shoveling. 

With a comparatively weak back 
and wide ore body, transverse stop- 
ing instead of longitudinal (extending 
parallel to the length of the ore 
body) can be resorted to. In this 
method each horizontal slice is 
worked off in narrow stopes extend- 
ing from wall to wall. Each stope 
is filled before its neighbor is removed. 
The method is termed ‘‘transverse 
back stoping and filling,’ while the 
former is termed “longitudinal back 
stoping and filling.” 

A method essentially the same as 
transverse back stoping is illustrated 
in Fig. 256. A stope 300 ft. long and 
20 ft. wide is represented. The ore 
body was more or less broken because 
a stope that had been started by 
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Fig, 256.—Transverse back stoping. 
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the square-set system was lost by a fire, which caused the stope to cave. 
An upper and lower level were driven and connected by rises at A and A. 
The lower level was timbered, and chutes and manways were constructed 
at 16-ft. intervals. The end raises were used for waste chutes. The ore 
was mined in rooms 10 ft. high, each centered on a chute extending to 
limits midway between the chutes and from wall to wall. The rooms 
were mined sequentially from both ends of the stope. The heavy back 
was supported by tapered props and headboards. Each room was filled 
from a center drift shown at B, which was extended with the mining. 
After a room was completed, the chute and manway were built up to the 
back and the room was filled. In working the next 10-ft. lift, the tapered 
props in the fill beneath were pulled by means of a hydraulic jack and 
reused. 

Incline filling, drawn from a chute, is used whenever possible instead 
of-horizontal layers, which require the expenditure of considerable labor 
in placing the filling. Incline filling is suitable for relatively narrow ore 
bodies. It is applied by starting a stope at a raise and using a steeply 
stepped stope face or rill stoping. The waste is run in from a waste 
chute from which the stope starts. Plank flooring is placed on the waste 
and another slice of ore is broken down, falling upon the floor and sliding 
down to a chute. The floor is then removed and waste is runin. The 
angle of fill and stope is approximately 40 deg. The term ‘‘incline cut 
and fill”? is sometimes applied. 

In the Butte district a combined shrinkage and filling method is 
in use where the back is strong enough to support itself across the width 
of the ore body. In this method the miners stand on the broken ore 
and reach the face. The pile of broken ore is advanced as the face 
advances (the face is inclined as in incline cut and fill). The rear of 
the pile of broken ore is shoveled into chutes, which are extended up 
through the fill. The waste is dumped in after the broken ore is removed. 
The waste pile is advanced as the pile of broken ore retreats. The next 
slice or lift of ore starts on the pile of waste and is mined out in the 
same manner. The term “backfilling” is applied to the method. 

Overhand stoping is preferably started from a winze, although it 
may be started from a raise stope. The latter case is objectionable on 
account of difficulty of proper ventilation. Stopes may be started 
in both directions from the winzes. The winze serves as a manway, 
a pipeway, and a means for the lowering of timber and supplies. If waste 


Description taken from Mining Ore from a Caved Stope. J. E. Harding, Eng. 
Min. Jour., July 10, 1915, p. 71. 
See for other examples of transverse back stoping: 
Extraction of Ore from Wide Veins or Masses. G. D. Delprat, Trans. A.I.M.E., 
vol. 21, p. 89. 
The Chapin Iron Mine. Per Larsson, Trans, A.I.M.E., vol. 16, p. 122, 
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is to be brought to the stope, a two-compartment winze is constructed, 
one compartment being used as a waste chute. The vertical height of the 
bench taken varies from 6 to 9 ft. In stopes where the dip exceeds 40 
deg. the ore gravitates to the bottom, from which it is drawn off through 
chutes.. Chutes are spaced from 25 to 30 ft. on narrow veins and from 
50 to 60 ft. on wide veins. In some cases inclined plank flooring, sup- 
ported by the stulls and forming a hopperlike bottom to the stope, is 
installed. In waste-filled stopes where the waste is placed in horizontal 
layers, the ore is broken down upon plank floors, the waste is sorted out, 
and the ore is loaded into cars and wheelbarrows and trammed to the 
nearest chute. In this case the chutes are extended up through the 
waste fill and are often spaced at 50-ft. centers along the center line of 
the stope. For convenient shoveling the spacing of chutes is about 25 
ft., center to center. Close spacing of chutes leaves a smaller residuum 
of ore in the stope and avoids the use of the wheelbarrow or car in waste- 
filled stopes. In veins of 30- to 40-deg. dip, wooden or metal chutes are 
used for moving the ore from the face to the drift. The chutes are 
moved as the faces advance. In this case stope faces are stepped only 
slightly in advance of each other. For veins of flatter dip, mechanical 
means of transport are used. The most common appliances -are the 
shaking chute and the gravity plane. With the gravity plane the stope 
faces are extended sequentially in a line parallel with the drift. An 
auxiliary track follows the stope face as it is extended, and the cars are 
moved on this to the plane down which they are lowered. 

Overhand stoping in narrow veins from 20- to 30-deg. dip, or flatter, 
necessitates a different procedure from the chute-served stope. At the 
North Star mine a raise is extended from the lower to the upper level as 
nearly as possible in the center of the ore shoot. In driving the raise 
the broken rock is moved by a scraper and a tail-rope hoist to the lower 
level, where it is loaded into cars. The raise on completion is provided 
with a car dump at D in Fig. 257 and is equipped with a double track. 
The stope is extended up the dip in successive cuts of some 30 to 60 ft., 
measured along the dip. The stope faces are served by a track, which is 
placed in a shallow bench blasted out of the footwall. A row of stulls 
and boards confines the broken ore and prevents it from being scattered 
down the footwall. The ore is loaded either by hand or by scrapers into 
cars on the stope track, and these are trammed to the head of the gravity 
incline at the head of which is a slick sheet, B, where they are lowered to 
the dump at the lower level and transferred to cars on the level. Empty 
ears are hauled up by the loaded cars. Waste rock is thrown back of the 
boards. Scrapers are used for a short distance in the lower part of the 
stope. After the scraper limit is reached, the gravity-incline tracks are 
used. The incline is served by a go-devil, a three-sheave device with a 


560 ELEMENTS OF MINING 


control brake, which is attached to a heavy stull at A, as shown in Fig. 
257, and moved into a new position for each successive advance up the 
ag Levels are 300 ft. apart on the dip. 
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Fig. 257.—Flat overhand stoping with gravity incline and auxiliary scrapers. (J. A. 
Fulton and A. B. Foote.) 


Ore bodies of greater thickness than 4 or 5 ft. admit of working in a 
similar manner where the ore is moderate to low grade. An alternative 
arrangement is the serving of the stope area by a system of footwall 
drifts, from which inclined raises are extended to the footwall of the stope. 
These are used as transfers and for chute loading. Scrapers are used in 
the stope to move the ore to the transfers, which are so distributed as to 
provide a maximum distance of from 75 to 150 ft. The footwall develop- 
ment of drifts and raises increases the development footage but avoids 
the use of gravity inclines and tracks in the stopes. 

In the deeper gold mines of South Africa, stoping practice is influenced 
greatly by the action of the hanging wall and the necessity for supporting 
it securely close to the working faces. Several different methods, two of 
which will be described, have been evolved for overhand stoping at 
great depths. Stopes are of great areal extent, the stoped portion being 
from 4 to 5 ft. in thickness and the dip variable from 15 to 40 deg. The 
support of the hanging wall in the upper portions of the ‘‘reef’”’ was by 
stulls and ore pillars. As greater depths were reached, pigsties took 
the place of stulls, and these were placed closer and closer together as the 
difficulty of supporting the hanging wall increased with depth. To a 
considerable extent sand filling was practiced, which served to give a 
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greater control over hanging-wall movement; but with the greater depths 
the problem of support in the near vicinity of the working faces was 
solved by a modified form of shrinkage stoping, in which the broken ore 
was stowed in the open spaces and retrieved at a later time, closely 
spaced pigsties finally taking the place of the broken ore. 

The following description of the present practice is taken from an 
article by Paul Selby. After a winze raise in a given stoping area is 
connected, the bottom of the stope is cut out, the stope face making an 
angle of about 35 deg. with the dip. As soon as the faces have advanced 
sufficiently, stulls are placed on either side of the winze and walls are 
built up on these, the space between being filled with broken ore, which 
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Fie. 258.—South African ore-packing system of support. (Paul Selby.) 


at first is mucked in and afterwards is filled by the blast. The pack is 
kept close to the face, and only the surplus ore is removed. The packs 
cover areas 24 ft. along the strike and from 40 to 60 ft. up the dip, hori- 
zontal open spaces being left some 6 ft. in width along the strike at 
regular intervals. Similar passages are also left parallel to the dip, their 
widths varying from 4 to 6 ft. The plan of a stope is shown in Fig. 258. 
The percentage of area packed with ore and waste rock varies from 40 to 
60 per cent. On the basis of 40 per cent, 24 per cent of the tonnage 
broken is required for packing and it is necessary to break 1.32 times 
the output tonnage; with 60 per cent coverage the broken tonnage 
becomes 1.56 times the output tonnage. The percentage of area covered 
depends upon the top pressure; in mines where the top pressure is great, 
larger percentages are covered. The open area between the face and the 
pack depends upon the roof conditions; it ranges from 6 to 12 ft. Tim- 
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bers are used and these are retrieved as far as possible as the pack advances. 
When the packs are kept well up to the face, 3 to 4 ft., very little shoveling 
is required. A face 200 ft. in length advances three-quarters of a foot per 
shift, so that the pack wall is extended about 18 in. per day. In heavy 
eround, packs are reinforced with strands of used wire rope, cut in lengths 
of 14 to 16 ft. and placed across and along the length of the pack, the 
bent ends being carried around the lagging of the stull or big stones in the 
walls of the pack. Generally packs are left until all the stoping upon a 
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Fre. 259.—Reclaiming of broken ore packs. (Paul Selby.) 


level has been finished, but this practice is not always followed. Assum- 
ing that a sufficient area has been mined, reclaiming of the remaining 
broken ore takes place. During this period the rate of reclaiming is 
determined by the tonnage demand. As the hanging wall settles gradu- 
ally upon the packs and does not break up in detail, the ore is reclaimed 
without difficulty. 

Figure 259 shows the plan of a partially worked-out stope. <A foot- 
wall chute is laid between two rows of packs. Workers start at the top- 
most row of packs and move sufficient ore into the chute to permit the 
construction of a waste-rock pack. As the packs are moved all big 
pieces are washed, and the waste is placed to one side. Any hanging-wall 
or footwall bands left after the first stoping are taken out if payable and 
the footwall is scraped and washed. Waste-rock packs are built upon 
the clean footwall where required, sizes ranging from 8 by 8 ft. to 8 by 


UNDERGROUND METHODS 563 


12 ft. and 12 by 12 ft. They are built on stulls, 8- or 12-ft. lagging being 
supported by two posts. Insufficient waste rock is compensated for by 
drilling and blasting pop holes in the footwall between the waste packs. 
Reinforcing with wire rope strands is put in where greater strength is 
required. Waste-rock packs are placed at intervals of 8 ft. or more, the 
condition of the hanging wall determining this interval. They are, 
however, placed closer together along traveling ways in the stopes and 
along the top and bottom sides of the main drifts. Generally two rows of 
packs are removed, one on each side of the chute lines. As the work of 
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reclamation approaches the lower level, another chute line is established. 
Chutes are shallow curved metal troughs. Water is used in facilitating 
the downward movement of the ore. 

A. V. Lange states that in mining at depths below 5,000 ft. (referring 
to South African conditions) support of the hanging wall becomes one of 
the most important and most costly operations, not only on account of 
safety at the working faces but also to provide good general support so as 
to reduce concentrated pressure in newer and lower workings. In work- 
ing places stoped at less than 48 in. width, reclamation of ore left behind 
becomes most difficult and expensive if it is not carried out within 60 ft. of 
the face. Owing to increased rock temperatures, more air is required for 
ventilation of the stope faces. 

At the City Deep, Ltd., a resuing system of mining is applied at great 
depths. The details of the system, as described by Lange, are as follows: 
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The ore is overcut by stoping waste rock or unpayable hanging-wall bands, 
the advance being about 8 to 10 ft. The waste rock is packed in the 
finished working behind. The breaking of this overcut is between part- 
ings of the formation. Upon its completion the ore upon the footwall is 
broken out and removed by mechanical scrapers to the lower level. The 
sequence of the steps is shown in Fig. 260, which also shows the plan of the 
working. It should be noted that before resuing starts, a row of 7-in. 
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Fig. 261.—Sublevel stoping method. 


props, 7 ft. apart, is placed at a distance of 2 ft. from the face. Lagging 
boards are placed on the inside up to the height of the waste wall, and a 
line of chutes is placed along the footwall between the lagging barricade 
and the face. The angle of the face is selected so as to secure a dip of 
26 deg. along the face to facilitate ore movement during the ore-mining 
period. Where mechanical scrapers are used the face can be worked at a 
flatter angle. Footwalling of ore is done by pop-holing and by barring 
with heavy machines weighing 50 to 65 lb. and designed as concrete 
breakers. Footwalling is carried to within 1 or 2 ft. from the waste- 
rock face so as to present a ledge for the next attack. The length of 
face worked as a unit, 150 to 180 ft., is maintained as straight as possible. 

The Sublevel Method.—This method, used in the Michigan iron mines, 
is applied to steeply dipping ore bodies in which the ore is of such strength 
that it will stand unsupported across the width of the stope. It can be 
considered as a modification of overhand stoping. Figure 261 gives a 
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general idea of the method. A main level is opened out, and sublevels 
connected by raises are driven about it at intervals of 25 ft. The first 
sublevel is opened out as a chute level, and funnel-shaped chutes that 
connect with the main level are opened out from it. These are spaced at 
the 25-ft. intervals, center to center. The first sublevel is excavated to 
a height of 16 ft. and is extended by the driving of a crosscut 8 ft. high 
from the end of the sublevel to either wall. Holes 8 ft. deep are placed in 
the back and a slice 8 ft. thick is blasted down. This process is repeated 
in retreating along the sublevel. As soon as operations on this sublevel 
have prepared chute openings, work begins on the horizontal slice 
above. A crosscut 8 ft. high is driven from the end of the sublevel, 
and from this down holes are drilled in the 8-ft. bench beneath and 
uppers are drilled in the bench above. These are blasted, the broken ore 
falling into the open chamber be- 
neath, from which it is drawn 
through the chutes. A second cross- 
cut is driven, and the drilling of the 
upper and lower bench from this 
crosscut follows. The — sublevels 
above are started sequentially, and 
each follows the one beneath in a 
retreat from one end of the body to 
the other. The overlying rock falls 
into the stope on top of the broken 
ore. The obvious advantage of the 
method over shrinkage stoping is the 
Paes yi oiection o He ite er ee Fie, 262.—Alaska Juneau system of min- 
they work under a solid back at all jag (PhR Bradley) 

times and never in the open stope. 

The stope need not be kept filled but can be drawn off as rapidly as cir- 
cumstances require. 

Several interesting methods of sublevel stoping have been applied to 
large low-grade ore bodies. At the Alaska Juneau property a grizzly or 
bulldozing level is established above a main haulage level and connected 
to it by chute transfers. A three-bar grizzly with 25-in. spacing between 
bars closes the top of each transfer. Above the grizzly a 38-deg. raise 
extends to the limits of the stoping area. From each pair of grizzly 
raises on each side of the grizzly level, drift raises are taken off a short 
distance above the grizzly and extended in the opposite direction until 
they meet. From these raises the bottom of the stope is cut out along 
its length, pillars being left for support. In this condition the stope 
bottom has a section resembling the letter W (Fig. 262). Stope raises 
are then extended paralleling the dip at 100-ft. intervals along the length 
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of the stope and rising from every other pair of grizzly raises, which are 
spaced approximately 40 ft. apart along the length of the stope. Sub- 
levels (4 by 3 ft.) at vertical intervals of 35 ft. are opened out from the 
stope raises and fan out in different directions. The stope raises connect 
with an upper level. The sublevels are used as ‘‘powder” drifts, and 
stoping begins upon the completion of the cutting out and raising. The 
lowest sublevels are first blasted, each being charged with about 4,000 lb. 
of 40 per cent dynamite distributed in two piles, 35 or 40 ft. apart. The 
average burden on each blast is about 35 ft. Cordeau-Bickford detonat- 
ing fuse is laid from pile to pile. The detonating fuse is detonated 
by No. 8 blasting caps and two 30-ft. lengths of single-tape safety fuse. 
Explosives are taken to the sublevels through the raise from the upper 
level. Each pile of explosive is tamped with about 15 ft. of fine-rock 
stemming. About 20 tons of ore is broken per pound of explosive. 
This high ratio is partly due to caving. The broken ore is drawn off to 
the grizzlies and oversize is blockholed and blasted. Figure 263 gives 
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Fic. 263.—Alaska Juneau bulldozing chamber. The grizzly bars are 16 ft. in length, 
15-in. 104 H beam, with 13-in. channels riveted to tops; cast-iron stiffeners are riveted at 
4-ft. intervals on each center grizzly bar and on the outside of the side bars to stiffen the 
wide flanges. (P. R. Bradley.) 
details of the bulldozing chamber. A considerable proportion of oversize 
results from this method of blasting and caving. P. R. Bradley states 
that of the total consumption of explosives, 13 per cent is used in develop- 
ment and in preparation of stopes, 16 per cent in stoping, and 71 per cent 
in secondary blasting or blockholing. 

Subsequent to the foregoing practice, drilling chambers were opened 
out in the raises, and from these blastholes were fanned out. This 
avoided the construction of the sublevels and gave greater control over 
blasting operations. 

In the Latouche system of sublevel stoping, the ore body is divided 
into alternate stopes and pillars, the stope width being 70 ft. and the 
pillar 30 ft., both being transverse to the strike of the ore body: <A 
haulage level is established about 50 ft. above a grizzly level, from which 
short transfers extend to the stopes. At a distance of 150 ft. above the 
grizzly level the principal mining level is established. From this, access 
is obtained to the system of raises by which the ore is worked. A hundred 
feet above the principal mining level is another mining level giving access 
to higher portions of the ore body. Each stope width is covered by two 
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series of raises at the angle of dip. The stopes are undercut and con- 
-nected to the transfers to the grizzly level by funnel-shaped excavations. 
There are two lines of grizzly chambers 15 ft. from the pillar limit to 
serve each stope and one line to serve each pillar. The grizzly chambers 


Fie. 264.—Longitudinal section of stope after 4 months’ mining. 
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Fic. 265.—Latouche grizzly chamber; 100-lb. rails, spaced 1619 in. centers. (Bevan 
Presley.) 


are 24 ft. by 8 ft. and 714 ft. in height and are spaced from 60 to 75 ft. 
center to center from the footwall to the hanging .wall of the ore body. 
The mining raises are 5 by 5 ft. in section. Figure 264 shows a section 
of a stope after it has been in operation. Figure 265 is a sectional view 
of the grizzly chamber. 

Mining is started in the footwall raises. Ata point 30 to 40 ft. above 
the back of the undercut stope an enlargement is made in each raise, 
forming benches 18 to 25 ft. in length and 12 to 14 ft. wide. The floor of 
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the bench about the raise is 20 to 30 ft. above the back of the stope. A 
series of deep drill holes are drilled from the benches and fan out so as to 
command a stope area of about 52 by 35 ft., the longer dimension being ~ 
parallel to the pillar. In hard ground 35 to 40 holes are drilled, and in 
softer material 20 to 26. Drills up to 24 ft. in length are used, 2)-in. 
starters and 1!4-in. finishing diameter. After a round is drilled the 
holes are sprung from 1 to 3 times and are thoroughly cleaned out by 
means of an air blowpipe. The round is charged with 40 per cent explo- 
sive; No. 8 blasting caps are used in parallel series and from 6 to 8 delays, 
depending upon the number of holes in a round. A large blasting 
machine or 110-volt lighting circuit is used for blasting. The amount 
of explosive varies from 500 to 1,000 lb. per round, giving an explosive 
consumption of 0.245 lb. per ton. A complete cycle requires from 14 to 
17 days and from 28 to 34 man-shifts. Successive drilling benches are 
opened out in the mining raises at higher and higher points and from foot- 
wall to hanging wall, as is indicated in the figure. The pillars are mined 
in a similar manner. 

The foregoing examples differ from the usual method of sublevel 
stoping in that the retreat is in an upward direction instead of horizontally 
from one end of the stope to the other. In both cases a very low mining 
cost was obtained. * 

3. Combined Underhand and Overhand Stoping.—In veins of moder- 
ate dip, 45 to 50 deg., it is sometimes convenient to combine overhand and 
underhand stoping, as this method gives more working places in starting 
a stope. 

4. Square-set Stoping.—Where square-set timbering is used to sup- 
port the ground as the ore is taken out, the method of mining is called 
the ‘‘square-set system.”” This method is most often used for winning 
wide ore bodies; but it finds peculiar application where the ore body is 
irregular either on account of indefinite walls, offshoots of ore as in a 
system of linked veins, or where faulting has divided the ore body; where 
much waste or horses of barren rock are features of the ore body; 
where the ore changes its grade rapidly and close sampling is required; 
where walls and ore bodies are weak; where low dip and a heavy hanging 
wall prevent shrinkage stoping; where walls are moderately strong, the ore 
body is weak, and top slicing cannot be used; where high temperatures 
prevail; and where the ore body is too wide for stull timbering or for the 
ordinary waste-filled or shrinkage stope. In top slicing, square sets are 
usually used for the support of the rooms upon the uppermost slice. The 
irregularity of the top of the ore body can be better followed than with the 
ordinary drift sets. In some applications of top slicing the Square set 
or a modified set closely resembling it is used upon all the slices. It 
has the advantage of allowing a somewhat thicker slice than can be taken 
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with the system usually followed. Four general type divisions are made: 
Open stopes, partially filled stopes, filled stopes, and alternate pillar and 
stope. In all applications of square-set stoping the ore is excavated in 
blocks of approximately the same size, ranging from 5 by 5 by 7 ft. to 6 
by 6 by 8 ft., the largest dimension being the vertical. As soon as one 
or more blocks have been removed, a timber frame (square set) is erected 
in the open space. The members of a set are arranged to fit into 
the sets already in place. The details of the square set are given in the 
chapter on Support. Blocking or braces support the timbers next to the 
ore and wall. Where walls and ore back are strong, a number of blocks 
may be excavated before the square sets are placed; but where the ground 
is heavy, one block at a time is removed and timbered. 

The stope is started from a raise that is timbered with square sets. 
A horizontal slice, one set high and extending over the level from wall to 
wall, is removed and timbered. The first horizontal slice is called the 
sill floor. The posts of the sets rest upon sills, which are usually placed 
transversely to the walls and which are long enough to carry posts of two 
or three sets (10 to 15 ft.). When the first slice has been extended, another 
slice immediately above, called the first floor, is started. The floors 
above are started in sequence as soon as the lower floor has been advanced 
sufficiently to prevent the operations upon it from interfering with the 
work on the lower floor. Heavy plank floors are laid upon the timbers 
and afford working platforms for the miners. The broken ore falls upon 
the platforms and is removed to ore passes, which are formed by planking 
the sides of a vertical series of sets. The chutes or passes are placed at 
from 25- to 30-ft. centers in both directions and terminate upon the sill 
floor, at which point the chute gates are placed and loading into cars is 
effected. When chutes are closely spaced, the broken ore is shoveled 
directly into the chute. With 50-ft. spacing, a single line of chutes, 
wheelbarrows, or short inclined chutes are used to convey the ore to the 
chute. In breaking the ore, uppers from the lower side (back) of the 
block or down holes from the side may be used. Access to the stope is 
afforded by ladderways or stairways. Ventilation is effected through 
the raise which connects the levels and through which timber may be 
lowered and compressed-air pipes are extended. The stope is extended 
upward until it joins the square sets of the level above. The long sill 
pieces enable the connection to be made with a fair degree of facility and 
safety. Careful work entailing light blasting is required in making the 
connection. 

Open Stopes.—The square-set system was designed originally to 
maintain the stope as an open-timbered chamber. Deidesheimer (its 
inventor) employed it successfully in mining ore bodies up to 150 ft. 
wide and several hundred feet high and long. He employed very heavy 
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timbers, 14 by 14 in., and in addition used wall plates and heavy diagonal 
braces. In modern applications of the system lighter timbers are used 
(12 by 12 and 10 by 10 in.); wall plates are used only where lagging is 
required on the hanging wall, while diagonals are generally omitted or 
used only when the sets begin to lose their alignment. As might be 
expected, heavy ground and wide ore bodies give trouble with such 
modifications. Evidence of trouble is given by the sets’ losing their 
alignment. The integrity of the system depends upon the alignment of 
all the members, and the resistance of the timbers to top and side pres- 
sure is materially lessened when they begin to move. Diagonals and 
reinforcing sets are placed to save a stope when this condition becomes 
apparent. Reinforcing sets may be placed under caps, or girts, while the 
diagonals are placed transverse to the walls. Local weakening of the 
timbers of an open square-set stope is remedied in the same manner. If 
these expedients do not suffice, cribbing is placed within tiers of sets. 
Filling is the only remedy where cribbing fails to hold the sets in place. 
In present mining practice the filled stope has superseded the open stope, 
the latter being used only for small ore bodies. Figure 266 illustrates the 
system. 

Partially Filled Stopes.—Under some conditions it may be desirable 
to resort to partial filling instead of the practically complete filling usually 
employed. Where this is done, a portion of the sets, four or five along 
the strike and extending from wall to wall, are laced or cribbed on the 
ends and the space between is filled with waste rock. The result is a rib of 
waste rock reinforced with timber and extending across the ore body 
from wall to wall. Several such ribs placed along the length of a stope 
have the effect of steadying the whole structure. 

Filled Square-set Stopes.—Three methods are in use, the ordinary 
back stope and waste fill, the incline cut and fill, and the vertical slice 
and fill. As will be seen from the descriptions, there is more or less simi- 
larity between the methods. 

Back-stoping and Waste Filling.—The sill floor is worked out over the 
area of the block and square-set timbers are placed. The first floor is then 
started, extending from a two-compartment winze that connects with 
the level above. One compartment of the winze is boarded and serves 
as a waste chute. While the first floor is being extended, waste is loaded 
into cars from this chute, trammed over temporary tracks, and dumped 
into the open-sill sets. Levels and crosscuts where required are pro- 
tected on top and sides by heavy lagging. By the time the first floor is 
finished, the sill sets are filled and another floor is started. In effect, two 
floors are always open where the miners are working. 

Incline Cut and Fill—The stope is started at a winze and waste chute. 
Instead of carrying horizontal slices the stope face is stepped, the edges 
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of the steps falling upon a 45-deg. plane. After a diagonal line of square 
sets is placed, filling is run until it stands at the angle of repose. Planking 
is then set in place, forming a run to the nearest chute, and the ore is 
broken down and worked down to the chute. Both fill and stope face 
maintain approximate parallelism. The stope is worked intermittently, 
first excavation and timbering, then waste filling, then planking, then 
ore breaking and timbering, followed by the removal of the planking, 
and so on. Square sets above the sill floor are best made of the same 
vertical height as the center-to-center horizontal dimensions, for example 
6 by 6 by 6 ft. This arrangement will permit the planks, which prevent 
ore and waste from mixing, to be placed upon the fill. The main advan- 
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Fie. 267.—Vertical-slice method of square setting. 


tage of this method is that little or no shoveling is required, as both the 
ore and waste are handled by inclined chutes. 

Vertical Slice and Fill—Where this method is applied the block 
height is usually limited to five or six sets above the sill floor. The 
slice, which may be one, two, or three sets wide, extends from wall to wall. 
It is handled as if it were an ore body of limited length and moderate 
thickness. The ore is removed by back-stoping or incline cut, and the 
stope is timbered with square sets. When the slice has been completely 
removed, the side next the standing wall is laced with 2-in. plank, 
and the stope is filled with waste from the level above. (‘‘Lacing” is a 
miner’s term and signifies the nailing of wooden strips between which 
open spaces 2 to 4 in. wide are left.) In some cases the sets adjoining the 
ore block are left open and the others filled. This leaves the new face 
accessible on the entire side. The narrow stopes can be laid out parallel 
with the length of the ore body, but the former method is usually followed. 
Where the ore body is too heavy to admit of maintaining the narrow stope 
as an open stope, it may be removed in vertical open blocks of a bottom 
area of four sets. The ore is removed and the space timbered. The sets 
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are then filled from the top, the vertical line of sets in the direction of 
the advance being left open. Figure 267 illustrates the method. D 
represents the top and bottom drifts, which are left open for air and the 
handling of waste and ore. One horizontal line of sill floor sets is left 
open for the same purpose. The procedure is to open out sets A, B, C, A’, 
B’, C’. The side of B next to C is laced, and sets A, B, A’, and B’ are 
filled, C and C’ remaining open. D, H, D’, and E’ are then taken out and 
C, C’, D, and D’ are filled. A modification of the method is to stope 
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Fig. 268.—Square setting from top downwards and using booms and braces for supporting 
j timbers. 


down a pair of sets from the top to the sill-floor level. The stope starts 
from a raise and is never more than two sets wide and one set in advance. 
The square sets are put in from the top down, being supported at the top 
by nailing planks, booms, and diagonal braces. Figure 268 illustrates 
the method of supporting the square sets. On account of the weight of 
the sets, the vertical height is limited to four or five sets. 

Alternate Pillar and Stope-—Where the ore body is of considerable 
length it is divided into sections, and every alternate section is worked 
as an independent stope. It is evident that any of the foregoing modi- 
fications could be used in the section. The physical nature of the 
ores and walls would determine the most advantageous method. It is 
not unusual to plank the sides of the filled stopes; the pillar is then ready 
to be extracted. Transverse or longitudinal narrow stopes or slices could 
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be used in mining the pillar. Wide and long ore bodies are divided into 
blocks, and these blocks are mined just as if each were a separate ore 
body. The stope is filled as the block is mined. Two or four con- 
tiguous blocks may often be mined simultaneously as shown in Fig. 
269, which represents the practice at the Copper Queen mine. 

One of the best examples of the application of square set and waste- 
rock fill is afforded by the Sullivan mine of the Bunker Hill and Sullivan 
Mining Co. Ore bodies in this mine vary from 300 to 1,000 ft. in length 
and from 30 to 125 ft. in width, greatly brecciated and with numerous 
small faults and slips; the hanging wall is very heavy and cannot be 
supported by timbers alone. The initial attack is made at the hanging 
wall, and the waste-rock fill is started as the stope is opened out. The 
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Fic. 269.— Alternate pillar-and-stope method, Copper Queen mine. (Trans. A.J.M.E.) 


waste-rock pack supports the hanging wall, and the footwall supports 
the ore in place. A system of vertical slices is practiced, the advance 
from the raise sets being in both directions along the strike and toward 
the footwall, so that the stope maintains a more or less arched section 
in both directions, 7z.e., in the vertical longitudinal and transverse planes. 
Figure 270 shows the successive stages in stoping. A drift is started in 
the footwall and extends to the ends of the ore body, crosscuts being 
extended:to the hanging. At.the central point of the ore shoot a raise is 
driven in the footwall to the level above and serves as a waste pass, timber 
pass, and manway; chutes are established at the topmost floor of the 
square sets so that the waste rock can be trammed in at the highest point 
of the stope, which is started at one of the crosscuts intersecting the hang- 
ing wall. The square-set timbering of the crosscut is extended upward 
as the stope rises. After a stope is started, a drift is extended in the 
footwall at a distance of 20 to 30 ft. from the ore body to provide a 
permanent haulageway. Raises are then extended from the drift 
approximately parallel to the footwall, and branch raises are extended 
from these into the stope. The footwall raise is not timbered, but the 
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branches are usually cribbed. The footwall raises and their branches 
serve as ore transfers. Waste rock is secured from development work 
and also by driving raises in soft ground away from the stoping area, 
where natural caving will maintain a supply of waste rock. 

The mining of large ore bodies has brought about a variety of systems, 
most of which are combinations of features found in the simple methods. 
At the Calumet and Arizona Junction mine the Campbell ore body 
is mined by a modification of the incline cut and fill. The ore body is 
divided into sections on a given level, and each alternate section or 
block is stoped as a unit. Parallel crosscuts are driven the length of the 


Frq. 270.—Method of vertical slicing, square-set timbering, and waste-rock filling employed 
at the Sullivan mine. (J. W. Gwinn and W. E. Brown.) 


block and timbered by posts and stringers, as shown in Fig. 271. Narrow 
cuts are made on each side of the block and timbered with square sets. 
The floor of the stope is opened out from the first tier of lead sets, the 
cut being made on an angle of some 37 deg. from both sides, forming a 
ridge. This is covered with stringers and waste lagging so as to form a 
mat. In themeantime a raise has been extended to the level above, which 
serves as a waste-rock transfer and for ventilation after its timbers are 
stripped. Lead sets on both sides are then lagged, and waste-rock fill is 
introduced up to 2 or 3 ft. from the back. The waste-rock fill is then 
covered with 2- by 10-in. plank laid on 2- by 10-in. sills, care being taken 
to avoid hollow places between the planking and the fill. Grizzlies of 10- 
by 10-in. timbers are then placed in the lead sets at the intersection of the 
fill floor line and the lead sets. A stope cut is started at the bottom, the 
average height of cut being 12 ft. Sufficient broken ore is left to give 
a working position, and in bad ground ‘‘umbrella”’ stulls are placed to 
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support the bad area. After the cut is completed from both sides the 
broken ore is drawn into the chutes, the sloping floors are thoroughly 
cleaned, and the planking is removed. The sides of the lead sets are then 
laced with lagging and a new layer of waste rock is placed. Each routine 
of cut and fill is the same, and the lead sets are raised along with the stope 
cut. 
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Fie. 271.—Incline cut-and-fill stope with lead stopes. (H. M. Lavender.) 

A modification of the foregoing is employed where the back is uni- 
formly good. In this modification, successive cuts are taken after the 
completion of the stope flooring, the surplus broken ore being drawn off 
through the lead sets at the sides. When the successive cuts have reached 
a height limited to about 40 ft. above the sill floor, all the broken ore is 
removed, waste-rock filling is introduced up to 2 or 3 ft. from the back, 
and flooring planks are laid as in the first example. A new ore cut is then 
started. In this manner the frequent placing and removing of flooring 
are avoided and both labor and timber are reduced in amount. 

5. Shrinkage Stoping.—The principle of shrinkage stoping has already 
been given. In mining large ore bodies it can be applied where the 
ore body itself is self-sustaining across its width and where the walls are 
sufficiently firm to stand without support over a considerable length 
along the strike of the vein. The range of dip permissible is from 50 to 
90 deg. Overhand stoping is almost invariably applied, although some 
instances of rill stoping occur. <A pillar of ore is usually left above the 
lower level, and the ore chutes are cut through this to the lowest slice. 
The first slice is driven through and the mouths of the chutes are widened 
so as to form funnel-like openings. Sufficient ore is removed to leave 
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working room. Large pieces of ore are blockholed and blasted. The 
second slice is then started, the broken ore serving as a working platform. 
The back is arched so as to make it more self-supporting. The stope is 
continued up in this manner until close to the level above, below which a 
pillar is left to protect the top of the stope and the level above. The 
broken ore left in the stope can then be drawn off. The ends of the stope 
in an ore body of considerable length are protected by vertical ribs of ore, 
through which extend the manways giving access to the stope. At 
different points short drifts through the rib connect the manways with 
the stope. The recovery of the top pillar can be effected by filling the 
stope with waste and then square-setting the pillar. The end pillars can 
be won by square-setting also. 

A modification of the ordinary system of shrinkage stoping is occa- 
sionally met with. The principal difference is that ore passes are 
carried up at intervals along the line of the stope and surplus ore is 
removed through them. This leaves the broken ore in the stope in stable 
condition. ‘Temporary supports can be constructed on the top of the 
broken ore, so that a back too weak for the usual shrinkage stoping may 
be supported sufficiently to make the working safe. 

The method is not confined to wide veins alone but may be applied to 
narrow, steeply inclined veins. With veins of great length it is customary 
to separate the stopes by pillars. In the Homestake mine the stopes 
are 60 ft. wide along the length of the vein and extend from hanging wall 
to footwall. Pillars 42 ft. wide separate the stopes. In the Alaska 
Treadwell the stopes were lengthwise with the strike and were 200 to 300 
ft. long and from 160 to 250 ft. wide. The vertical height of a stope 
depends upon the dip of the vein. With flat veins of moderate thickness 
and 50 to 55 deg. dip, a level interval of 100 ft. is used. For a vein of 60 
deg. dip, a level interval of 150 to 175 ft. is permissible. At the Melones 
mine two levels were 285 ft. apart. It is evident that an increased inter- 
val between levels prolongs the time required to complete a stope, and 
until the stope has been completed only the surplus ore can be drawn off. 
This surplus ordinarily amounts to one-third of the ore broken, so that for 
every ton of ore produced from a given stope 3 tons must be broken and 2 
tons left in the stope. It is economy to use as great a distance between 
levels as possible, both on account of the reduction in the cost of levels 
and the smaller loss of ore in pillars. For ore bodies of moderate length 
and height it is possible to plan for the winning of the ore body in one 
stope from a single level. Figure 272 is typical of shrinkage stoping. 

Where narrow and comparatively rich ore bodies are mined by shrink- 
age stoping, the cleaning down of the empty stope is important. It can 
be done by the miners entering the stope. As the broken ore is drawn 
off, the walls are cleaned down and are timbered with stulls, where neces- 
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sary, tomake them safe. The work of cleaning and timbering follows the 
drawing off of the ore. Shrinkage stopes may be left open or filled with 
waste. Filling may be placed simultaneously with the drawing of the 
broken ore by drawing one end of the stope out completely and then 
beginning the fill at thisend. The line of complete drawing off is followed 
by the line of the waste fill. The names suggested by these modifications 
of shrinkage stoping are ‘‘longitudinal shrinkage stoping,” “‘transverse 
shrinkage stoping,” “‘shrinkage stoping and filling,” and ‘‘shrinkage 
stoping with backfill.” 

The obvious advantages of shrinkage stoping require no comment. 
The disadvantages are as follows: All the vein material must be mined and 
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Fic. 272,—Longitudinal section of shrinkage stope. 


removed from the stope, whether it be waste or ore; it takes time to extend 
a stope from level to level, and while this is being done a large tonnage 
must be broken and must remain in the stopes for a considerable period; 
the grade of ore coming from the stope may fluctuate considerably; the 
flattening of the ore body between levels miy, greatly interfere with 
the drawing off of the broken ore; more or less ore is left in pillars and 
in stopes. One essential condition must not be overlooked: The physical 
nature of the ore should be such as to permit it to be readily drawn off 
when broken. An ore that packs tightly when broken cannot be mined 
by this method. It should be noted further than an ore that would pack 
would also be apt to be too heavy to admit of the use of the system. 
In mining certain copper ores by shrinkage stoping, oxidation of the ore 
takes place during the interval in which the stope remains filled. In 
sulphide ores this oxidation interferes with concentration, and therefore 
the method cannot be used. 

The following description of shrinkage-stoping practice at the Home- 
stake mine is abstracted from an article by A. J. M. Ross. Levels are 
150 ft. apart. When the ore body is encountered on a level, exploratory 
drifts are driven in the ore parallel to the walls, and the shape of the ore 
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body is determined. Crosscuts are then driven from these drifts in the 
centers of the pillars and into both hanging walls and footwalls. The 
crosscuts are connected by drifts in both walls at an approximate dis- 
tance of 25 ft. from the ore body. The ore body is divided into 42-ft. 
pillars and 60-ft. stopes. Manway raises are cut from level to level on 
the footwall, and short sublevels are extended at a number of points 
to the stope limits, as shown in Fig. 273. These give access to the stopes 
when the mining operations intersect them. Figure 273b shows the 
plan of the stope at the level. The entire bottom area of the stope 
is mined out, and two lines of chutes are erected next to the pillar walls. 
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Fig. 273.—Longitudinal section of stope and plan. Homestake mine. (A. J. M. Ross.) 


The sill floor is covered with a timber mat. Waste rock is run in from 
transfers, the bottom fill being sloped from the center line to the chute 
lines on either side. Shrinkage stoping then begins and the stope is 
extended upward within 25 ft. of the level above. The longitudinal rib 
is won by square-setting, as is shown in Fig. 274. The pillars are removed 
by overhand stoping with square-set timbering in two blocks each 75 ft. 
in height, as shown in Fig. 275. Some shrinkage stopes have been carried 
up to a height of 275 ft. with no loss of ore and without dilution from wall 
rocks. In narrower portions of the ore body, shrinkage stopes are carried 
parallel with the length of the ore body and are 100 ft. in length, separated 
by pillars 25 ft. in length, in which the manways and sublevels giving 
access to the stope are cut. 

6. Top Slicing and Cover Caving.—Ore bodies of considerable lateral 
extent and of small or considerable vertical range are mined by this 
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method where they occur under a noncoherent or weakly coherent 
covering and the ore itself is soft. The method is a retreating one; the 
ore body is worked from the top downward in horizontal slices, and each 
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Fig. 274.—Mining of rib below level. Homestake mine. (4. J. M. Ross.) 


Nak 
Be ez AS ANS ASA i. "a 4 
= 5'16' syblevel cro, Ee ‘Wt aan 
Foot wall----: = = LV Z i: a bs 
4 : \ 


Ventilating raise ist 


Noe ; % \ 
RAE ‘ she ate : 
oo —, ‘ © ae Oe ee 
NeW Bless i =U iE = Wedded F Ka AeA 
y | Bel a -Crosscut through pillar _ : .y) Y ii 
LEVITT IDEN ISSN. IRIAN STE AIS INTIN  DeTocel hr 
SPAN SSIs Oncaea Ps auak Se, Ses tu guar aap : we 


“A 
Fia. 275.—Method of mining pillars between stopes. Homestake mine. (A. J. M. Ross.) 


slice is worked inward from the boundaries. The thickness of the 


slices varies from a minimum of 7 to 9 ft. to a maximum of 12 or 16 ft. 
The nature of the ore and the methods of support determine the thickness 
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of the slice. Economical working requires as thick a slice as possible. 
Working shafts are placed outside the area of the deposit. A main 
haulage level is extended from the shaft through the lowest part of the 
deposit or at an intermediate point if the vertical range is considerable. 
Sublevels connected to raises and chutes terminating at the main haulage 
level provide access and ventilation. Several slices may be worked 
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Fig. 276.—Top slicing. 


simultaneously, the upper slice in every instance being worked 50 to 100 
ft. in advance of the one immediately below (see Fig. 276). 

Figure 277 shows the sequence of mining a top-slice room in iron ore. 
The crosseut interval and the room length are both 50 ft. Support is 
by two rows of drift or three-piece sets spaced at 5 ft. down the length of 
the room. The initial break is toward the cave side and at the top of the 
section. Lagging boards are placed upon the leading cap, with the other 
ends resting on the upper edge of the ore face. The block is mined down 
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to the floor; the ore is then removed and a new set is erected in the space 
close to the face. Hand loading has been supplanted by scraper loading 
and mechanical shovels. When a room has been completed, a floor of 
l-in. plank is laid down and the sides of the room and its entrance are 
boarded. The center posts are drilled and blasted simultaneously, 
allowing the top to cave, which may take more or less time. Another | 
unit alongside may be started as soon as caving takes place. The caved 
timbers eventually form a mat of considerable thickness, which gives 
better control of the caving and also is a factor in preventing dilution by 
the overburden. Ventilation during the mining of a room is by Ventube 
and blower. 
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Fie. 277.—Sequence of mining a top-slice unit. 


Moderately hard overburden permits greater unit areas to be mined. 
At the Mammoth mine (California) the unit was 40 x 40 X 9 ft. high. 
Square sets, posts and headboards, and posts and stringers have been used 
for top support. At Cananea round props were used; when a room was 
ready to be abandoned, sills or stringers were laid alongside the row cf 
props and the flooring was placed on them. The props were then blasted. 
In mining the slice beneath, props were placed under the stringers as the 
room was opened out. Props were placed at 5-ft. centers; stringers were 
5 X 10 X 16 ft. in length; and boards were 2 X 10 X 10 ft. in length. 
Figure 278 shows the arrangement. 

Inclined top slicing, the Mitchell top slice, and other modifications 
have had their day. The scraper and mechanical loader played a part in 
making them obsolete. Figure 279 shows a plan for mining an ore body 
in radial units contiguous to an ore pass. The scraper is used to move 
the ore from the face to the ore pass. The numbers indicate the sequence 
of mining the units. A grizzly of steel rails, spaced 10 in. apart, protects 
the top of the ore pass. Scraper-ore movement makes possible a greater 
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speed in mining a given unit, and may make an increase in the size of the 
unit possible in a given instance. The shaker conveyor may be used for 
short horizontal transfers. ° 


Fic. 278.—Top slicing. 


7. Combined Top Slicing and Shrinkage Stoping.—The practice in the 
South African diamond mines best illustrates this method. The deposit 
is divided by sublevels into slices of much greater thickness than in the 
usual top-slicing practice. The interval is 40 ft. The broken “blue 
ground” (kimberlite) is left in the stopes, only enough to give working 
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Fig. 279.—Radial top slicing with scraper handling of ore. (Lucien Haton.) 


space being withdrawn. It thus gives lateral support and a working 
platform. When the stope reaches a safe length (380 to 37 ft.) the blue 
ground already in the stope is drawn out and the cover is allowed to cave 
and fill the space. The miners draw off the blue ground from the develop- 
ment workings. Under the protection of the blue ground in place or 
where it is necessary to recover ore beyond the limits of this protection. 
timbered crosscuts are driven through the broken blue ground. [rom 
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the ends and sides of these the ore is drawn until waste appears, at which 
point the miners retreat and resume drawing at a point farther within 
the timbered crosscut. The method used in the Dutoitspan mine is 
shown in Fig. 280. J. I. Fuller’s description! is abstracted. The stopes 
are carried transversely to the development workings. The first stope 
is started at the boundary and is carried from one side to the other. The 
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Fie, 280.—Combined top slicing and shrinkage stoping. Method used in South African 
diamond mines. (Hng. Min. Jour.) 


working chamber is advanced continuously by maintaining a long inclined 
back, the broken blue ground furnishing a platform for the miners. Sur- 
plus ground is withdrawn through the crosscuts, which are 22.5 ft. apart. 
One or more of these along the length of the back are used as ‘‘ pole roads” 
for access to the stope, while the others serve as loading points for the 
blue ground. The width of the stope is about 30 ft. and the length of 
the inclined back 120 ft. A thin pillar protects the working chamber on 
the side next to the cave. When the upper end of the back passes a 
given crosscut, the broken blue ground is loaded out until waste comes in. 
In order to get the last portion it is necessary to timber through the waste 
and draw the blue ground from the sides and ends of a timbered crosscut. 
Succeeding stopes can be started and follow the first, as shown in Fig. 
280?. 

1 Hng. Min. Jour., vol. 94, p. 944. 

* Mining Methods at Kimberley. Eng. Min. Jour., vol. 94, pp. 887 and 943. 
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_ 8. Top Slicing with Partial Ore Caving Followed by Cover Caving.— 
This is practicable only in the case where the cover is rock of some little 
tenacity. Sublevels from 12 to 15 ft. apart vertically are driven, and 
a system of drifts and crosscuts on each divides the slice into blocks 
50 ft. square. At the edge of the ore, drifts are run connecting the 
crosscuts. The ore above the drift is allowed to cave and is recovered 


Fre. 281.—Top slicing with partial ore caving followed by cover caving, Newport. 


when the next drift is driven alongside the caved drift. The drifts 
are 7 or 8 ft. wide and are timbered and lagged on the roof. The timber 
is not recovered but is allowed to form a mat so as to prevent ore and 
overburden from mixing. The method is illustrated by Fig. 281, which 
represents the practice at the Newport mine. 

9. Block-caving.—The method is applicable to wide, thick ore bodies 
but is impracticable where the ore is extremely hard and unfractured 
or very soft. A hard ore that has been extensively and thoroughly 
fractured, or a moderately hard ore that breaks readily into small pieces 
and when in this condition will run in a chute, is adapted to the method. 
Want of precise terms descriptive of the physical nature of ore body and 
walls as well as of extended observations upon the physical characteristics 
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of the ore where the method has been applied prevents accurate state- 
ment concerning the limitations of this method. 

The ore body is divided into blocks by levels in the vertical direction 
and by workings in a horizontal plane. Each block is attacked as a 
unit. The method is comparatively simple. Four modifications are 
found in practice. First, a block may be simply undercut by the inter- 
secting workings, which leaves it supported on pillars at regular intervals. 
These pillars are weakened as much as can safely be done by blasting 
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Fie. 282.—Methods of weakening the ends of blocks in block caving. 


ore from them and reducing their diameter. The pillars are then drilled, 
and the holes are loaded with heavy charges of dynamite and simultane- 
ously blasted. The weight of the ore block, which is supported at the 
ends and sides, causes it to break away and fall. In falling it is fractured 
and broken sufficiently to enable the ore to be handled. Second, a 
block may be cut off at the ends by stopes and then undercut as described 
above. In place of stopes, the weakening of the end by raises. and 
crosscuts may be all that is necessary. The end weakening causes 
the block to break from its neighbors more readily and makes the weight 
of the falling mass of ore more effective in crushing the ore. Third, 
the block may be cut off on both sides and ends and then undercut. In 
place of open stopes the ends and sides may simply be weakened by drifts, 
raises, and crosscuts, as Shown in Fig. 282a. Fourth, where the top slice 
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is covered by waste that might readily mix with the ore, the mixing can be 
prevented by stoping the top of the ore and filling the flat stope with 
timber. The timber mat will prevent to a considerable extent the mixing 
of ore and waste from the cover. Sides and ends may or may not be 
cut off. 

The ends or sides or both can be cut off by shrinkage stopes instead of 
open stopes, as shown in Fig. 282b. The shrinkage stope is in most cases 
more economical than the open-timbered stope. Whether the block is to 
be left attached to the end or sides, merely weakened at the ends or 
sides, or cut on all sides depends upon the physical nature of the ore 
body. An ore body already thoroughly fractured or an ore that is 
moderately soft and readily broken may simply require undercutting 
and caving, while a tough unfractured ore may require the mass to be 
weakened to a considerable extent on four sides. 

The success of the system is dependent upon an overburden of 
considerable thickness that adds its weight to the weight of the ore, 
crushing the mass of ore as it moves downwards. A minimum width of 
some 125 to 150 ft. is necessary to establish an arch of sufficient dimen- 
sions for the weight to be effective in crushing the ore. Weakening 
the supports of the arch and the drawing off of the crushed ore cause the 
cave to move continuously upward. In the earliest applications of 
the system, timbered crosscuts were extended into the caved ore, and it 
was loaded out by shoveling from the sides of the crosscuts. Later, 
transfers with belled top were evenly spaced over the bottom area of the 
cave and the ore was loaded into cars by chutes, thus avoiding shoveling 
and timbering in caved ore. A definite system was finally evolved, 
consisting of an undercutting level, a chute-control horizon, a grizzly 
level, and beneath this a series of inclined transfers that delivered the 
ore to chutes on a main haulage level. Block dimensions at the Ohio 
mine were 100 by 100 by 60 ft. in ore thickness. At the Pewabic 
mine the block dimensions were 250 ft. long by 100 ft. high and the width 
of the ore body. 

Miami caving methods developed into the one shown in Fig. 283, 
which established a standard practice. The unit is a block 150 by 300 ft. 
in area by 315 ft. in height, with a capping of approximately 260 ft. in 
thickness. The undercutting level is 130 ft. above the main haulage 
level, the base of the chute controls 11/4 ft. above the grizzly level and 30 
ft. below the undercutting level, and the grizzly level 100 ft. above the 
main haulage level. Main haulage drifts are driven transverse to the 
long dimension of the block at distances of 75 ft. from either end and 
with a 150-ft. interval between. A system of transfer raises serves the 
grizzly level, as shown in Fig. 283. Each raise branches to correspond 
with the grizzly spacing of 25 ft. On each side of a grizzly, inclined 
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raises terminate in a four-way chute control from which four short raises, 
each 4 ft. in diameter, give access to the undercutting level. The spac- 
ing of these draw points is at 12!4-ft. centers in both directions. The 
arrangement is shown in more detail in Fig. 284. Grizzlies consist of 
three 45-lb. rails placed across the grizzly drift at the mouth of the 
transfer raise and supported on two 10- by 10-in. stringers. This 
arrangement gives four openings, each 10 in. wide and 4 ft. in length. 
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Fia. 284.—Details of finger raises and grizzly level. Miami mine. 


The square sets forming the support of the chute controls are oriented so 
that the sides are at an angle of 45 deg. with the axis of the grizzly drift 
(Fig. 285). 

Weakening of the initial block at the sides and ends is accomplished 
by driving drifts at verticak intervals of 30 to 45 ft. from a conveniently 
located raise, through which men and supplies reach their positions. The 
drifts are 4 by 714 ft. in size and are blasted out to a height of 14 or 15 ft. 
above the floor. Weakening at the corners is accomplished by raises 4 
to 5 ft. in diameter, which extend upward from the undercutting level 
to the top boundary caving level, the corner raises being enlarged by 
drilling and blasting a cut 6 ft. in depth out of the bottom of the caving 
drift for a distance of 15 ft. along both drifts from the corner. 
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Undercutting is started by enlarging one of the end crosscuts on the 
undercutting level into an opening 8 ft. wide by 22 ft. high, two succes- 
sive cuts being required for this height. A.J. McDermid states that the 
blasting is done in four sections, each section including 374 ft. of the 
crosscut and progressing across the stope in benches. On the completion 
of the work at the end of the stope, further undercutting is done from the 
longitudinal drifts by beginning at the end of the stope and opening out 
rooms 8 ft. in width by 25 ft. in length at right angles to the longitudinal 
drifts. The rooms are 6 ft. in height and are long and wide enough to 
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Fia. 285.—Transfer system—grizzly level—chute controls and finger raises. Miami 
mine. (F. W. Maclennan.) 


connect with the four finger raises at the ends of the room. Rooms and 
drifts provide connections with every finger raise before undermining of 
the pillars begins. Horizontal holes are drilled into the ends and sides 
of the rooms in sufficient numbers to break up the pillars when blasted. 
The rooms are opened up and blasted in order across the stope, the line 
of retreat being in echelon. The backs of the rooms are drilled only 
where the ground is very hard. When undercutting reaches the end 
of a block, a vertical cut is made similar to the starting cut. The cutout 
area at the undercutting level in rooms, end stopes, and longitudinal 
stopes is approximately 3314 per cent of the area of the block. The 
weakening of the side walls also approximates one-third of the side area. 
Drawing of the caved ore begins on the completion of undercutting. 
The ore is drawn through the finger raises at the chute controls. In a 
stope of the dimensions given there are 72 chute controls and 288 finger 
raises. Hight finger raises and two controls serve a single grizzly, of which 
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there are 36 to the stope area. Maclennan states that drawing is slow 
work to begin with, as the first ground caved usually arrives at the chutes 
in large pieces, and sometimes the stope back hangs up and drops only a 
little ore for several weeks, but that this is unusual. The important 
objectives are to draw a maximum of ore tonnage with a minimum of 
dilution and to regulate the drawing so as to relieve damaging weight on 
the extraction openings below the broken ore. At Miami, where the nor- 
mal daily production was 18,000 tons, some 13 to 14 stopes were required 
to produce this tonnage, an average of some 1,322 tons per day being 
drawn from each stope, or 1 ton for each 17.06 sq. ft. of active stope area. 
The equivalent of solid ore is 0.733 ft. Drawing operations are under the 
supervision of three stope engineers (day shift), who inspect the stopes 
daily and issue ore-drawing orders to four draw bosses and five chute 
sealers on each of the three shifts. Chute sets are numbered and the 
four chutes of each set are lettered A, B, C, and D. The A chutes are 
drawn on one shift, the B chutes on the next shift, and so on in rotation, 
the drawing being done by two-man crews, a chute blaster, and a chute 
tapper. The blaster attends to all ordinary chute blasting, but a special 
crew is employed for difficult work. Small hand batteries are used by 
the blaster. The tapper crew draws from 12 to 15 finger raises per shift, 
blasting being necessary from 5 to 8 times per shift. The tonnage 
per crew is 400 tons, and normally 50 tons are drawn daily from each chute 
listed in the draw orders. This production is interfered with by capping, 
the necessity for repairs to a chute, weight on the timbers (which is 
relieved by drawing), ore grades, and the operations on the haulage levels. 
Chutes that show cap rock in advance of anticipation are sealed for 
several weeks. When the grade drops below a prescribed limit, drawing 
ceases at a given chute. By coordinating ore haulage and chute drawing, 
the ore drawn is measured in the cars and an exact record is obtained of 
the ore drawn from about 75 per cent of the finger raises. Charts are 
made up to indicate the condition of a stope both transversely and 
longitudinally. A detailed system of reports is necessary for the control 
of this important feature of the mining. 

Maclennan gives the record of some 13 stopes completed and drawn 
as follows: Expected tonnage 11,038,070 tons, 1.026 per cent copper; 
mined 12,710,378 tons, 0.912 per cent copper; the best stope showed a 
tonnage extraction of 121.3 per cent, grade 97.14, and 117.81 per cent 
of the total copper; the poorest original stope showed a tonnage extraction 
of 98.28 per cent, grade 89.48, and 87.94 per cent of the total copper; 
the poorest pillar stope showed a tonnage extraction of 93.33 per cent, 
grade 81.28, and 75.86 per cent of the total copper. The 13 stopes con- 
tained 802 chute sets, 39.2 per cent of which required to be completely 
replaced during the operation of drawing, some of them several times; 
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total replacements amounted to 862, or 107.5 per cent of the original 
installation. In addition there were 969 minor repair jobs, though in 
341 sets, or 42.5 per cent of the original installation, no repairs were 
required. 

In the Miami example of undercut caving, 1 cu. ft. of development 
excavation served for about 36 cu. ft. of ore developed and ready for 
mining. This high ratio is one of the important advantages of undercut 
caving. It is evident that the height of ore tributary to a development 
system of the kind described would influence this development ratio. 
Assuming that in the Miami example the ore thickness averaged over 


Fig. 286.—Surface effects of undercut caving at Miami. 


300 ft., an ore thickness of 100 ft. would have required somewhat less 

development work, but the ratio would have been about 1 cu. ft. for some 

15 cu. ft. of ore developed. On the other hand, a greater thickness than 

300 ft. would yield a greater number of cubic feet of developed ore. 

Direct mining costs at Miami averaged 40 cents per ton, of which develop-' 
ment was 10 cents per ton, or some 25 per cent of the direct mining costs. 

Surface subsidence at Miami is shown in Fig. 286. 

Improvements in Block-caving.—Block-caving is practiced at Miami, 
Inspiration, Ray, Braden, Kimberley, Climax, Sunrise, King, Johnson, 
Crestmore, and other mines. It is applied to copper, iron, molybde- 
num, asbestos, and limestone mining. Many improvements have been 
made in the Miami practice just described. Chute controls are now at 
the grizzly level. <A single set of parallel drifts is on the undercut level 
transverse to the grizzly drifts. A single haulageway with its main and 
branch transfer raises spaced on 50-ft. centers serves a block 150 ft. in 
width by 150 to 800 ft. in length. 
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At the Climax mine (Colorado) a slushing system has displaced the 
grizzly-branch raise transfer system, reducing development footage 
and eliminating chute gates and structures. R. Henderson gives a com- 
parison between development by the slusher and grizzly-branch trans- 
fer systems. For a block area 500 X< 600 ft. the slusher system required 
12,875 ft. and 1,412,265 cu. ft. of rock excavation; grizzly-branch raise 
transfer. required 22,734 ft. and 1,635,682 cu. ft. of excavation; the 
respective ratios are 4.71 cu. ft. and 5.44 cu. ft. per square foot of block 
area. ‘Tonnage per square foot depends upon the height of the ore 
block, which at Climax ranges from 317 to 500 ft. above the undercut 
floor. Concrete is used for lining grizzly chambers and slusher drifts 
in preference to steel and timber. In the slusher system each slusher 
drift requires 741 cu. yd. of concrete, or 22,230 cu. yd. for 30 drifts; the 
grizzly system required 100 cu. yd. per unit and a total of 12,000 cu. 
yd. for an equivalent block area. Preparation of the chute and grizzly 
system cost 120 per cent as much as the eee system; its ‘operation, 
118 per cent. 

Haulages are at 200-ft. centers; slusher drifts are at 50-ft. centers at 
right angles to the haulages and 105 ft. in length on either side of the 
center axis of the haulage, drift floors being on a level with the top of the 
haulage. The scrapers discharge into steel hoppers above the haulage- 
way into 10-ton Granby-type cars. Slusher hoists are 100 hp.; scrapers 
are of the hoe type, 72 in. wide, or of the half-box type, 60 in. wide; speed 
is 250 ft. per min. and distance 100 ft. They are placed on the steel- 
loading hoppers. The drift floor consists of five steel rails set in con- 
crete and gives a smooth runway. From four to six fingers discharge 
into the 200-ft. slusher drift, each finger serving a stope area of 1,750 sq. ft. 
and each drift an area of 10,000 sq. ft. The undercut floor, which is 40 ft. 
above the slusher drift, is started by driving 45-deg. inclines from the 
fingers. Pillars are long-hole drilled and blasted in groups retreating 
towards the manway and from the foot to the hanging wall. Tons mined 
per man-shift are 31 or more; a nominal amount of both timber and steel 
is used; concrete requires 0.054 cu. ft. of cement per ton mined, explosives 
0.5 lb. per ton, and power used 3.04 kw. per ton. Normal tonnage per 
day is 15,000. 

Practice at Emma Nevada mine (Nevada) shows many variations. 
Conventional methods were first applied in 1927. When mining was 
resumed in 1937 after a shutdown period, slushers were introduced and 
other caving details were improved. It is not possible to cover all the 
variations, but the cross-slushing layout used for high-lying ore bodies 
is of interest here. Haulage drifts are at 180-ft. centers; slushing drifts 
are at 30-ft. centers; finger raises on opposite sides are spaced at 15-ft. 
centers. The slusher drift, which takes the place of the grizzly drift, is 
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some 240 to 270 ft. in length. Short vertical passes at the end of the 
slusher drift connect with a cross-slushing drift, which in turn connects by 
inclined transfers to chutes on either side of the pony set on the haulage 
level. The primary slusher serves 16 fingers; the cross or secondary 
slusher serves three primary slusher drifts and one inclined transfer. A 
stope area 90 X 240 ft. is served by three primary slushing drifts and 
one secondary or cross-slushing drift. In another arrangement cross- 
slushing drifts are omitted and branch transfer raises receive the 
primary slusher discharge. The objective in both arrangements is to 
‘reduce development footage as far as possible by resorting to horizontal 
scraper transfer or the use of shaking conveyors for the same purpose. 

Miscellaneous Stoping Practice.—In 1925 W. C. Browning and F. W. 
Snow described mining methods in use at the Magma mine (Arizona). 
Primary development was in the footwall. Short crosscuts were driven 
to and across the ore body at 150-ft. intervals, from which footwall 
drifts were extended. The ore body stood at a high angle and varied 
in width from 10 to 45 ft. The standard level interval was 100 ft., 
though in some instances an interval of 200 ft. was taken. Stope lengths 
were 60 ft. for a 10-ft. width and 30 ft. for a 15-ft. width. Sill floors of the 
stope were square-set. The sets at the hanging-wall side were extended 
upward at the center of the stope and raise cut in the hanging wall to the 
level above to serve as a ventilation and waste pass. The waste rock was 
used for stope filling. The stope was extended upward as a timbered 

-rill (inclined cut and fill with square sets) with open square sets at each 
end of the stope, one for extraction and the other for a manway. After 
each filling, floors were laid upon the slope, 35 to 40 deg., and a 7-ft. 
slice of ore was broken down; two additional slices were taken before the 
next waste-filling cycle. Succeeding stopes on either end of the first were 
started, their lengths being 15 ft. for wide sections and 30 ft. for narrow 
parts of the ore body. Figure 287 shows the method. 

A combination rill and underhand pillar (Mitchell slice) was also 
described. The units were 15 ft. along the strike and from 15 to 45 ft. 
across the ore body or the width of the ore. Two rill stopes, each 15 ft. 
in width and separated by a pillar, were carried to the level above and 
were filled with waste. The intervening pillar, 15 ft. in width, was cut 
across at the top, stringers and knee braces supporting the level above. 
The pillar was mined underhand, the broken ore being drawn off at either 
side through the open sets; the side sets were supported by stringers placed 
across the stope. On completion, the open stope was filled with waste, 
the stringers being retrieved as the fill rose. Cable ties were placed in the 
rill stopes that bound vertical posts supporting lagging boards alongside 
the pillars. In this way the fill was prevented from running into the pillar 
stopes. The broken ore from the stopes was drawn off by a system of 
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inclined passes in the footwall, 52-deg. slope, as shown in Fig. 288, section 
c-c. In silling out the rill stopes, scrapers were used to bring the ore to 
the passes until the filling slope had been established. 
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_ F1a. 288.—Combination rill stoping and Mitchell slice. (Hng. Min. Jour.) 


Figure 289 shows the details of a Mitchell stope, described by J. B. 
Pullen, as applied at the United Verde mine. The parallel slots are 
timbered with square sets, 6 X 6 X 8 ft. in height, 10- X 10-in. timbers, 
and are driven on 18- to 24-ft. centers to the height of the stoping section. 
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The length of the stope is limited to 60 ft. and the height to 54 ft., the 
average stoping section being 48 ft. in length and 4114 ft. in height. 
Mitchell stopes were used at the United Verde in mining horizontal and 
vertical pillars left after mining by horizontal cut-and-fill stoping. The 
advantage over all square sets is that 50 to 60 per cent of the ore can be 
mined with but very little timber, as many of the stringers may be 
retrieved. 
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Fre. 289.—Mitchell stope. (A.I.M.E.) 


Figure 290a shows a method similar to the Mitchell stope. It was 
described by C. A. KKumke, who called it the ‘slot system.” It was used 
at the Golden King mine (California), where stope backs would not arch 
and sustain themselves in shrinkage stoping. The slots were narrow 
Square-set stopes extending from footwall to hanging wall or to the stope- 
wall limits as established by sampling, and from one level to the level 
above with a vertical ore pillar some 30 ft. in width between. The 
Square sets were tied at intervals by means of used 3¢-in. cables and in 
addition were fastened to anchor bolts in the pillar walls. Unlike those 
in the Mitchell stope, the pillars were mined by shrinkage stoping. 
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Sublevel Stoping and Diamond Drilling—Sublevel stoping at 
Noranda mine (Canada), where stope heights were 175 ft., widths 60, 
75, 90, and 114 ft., and lengths 300 to 350 ft., called attention to the 
advantage of long-hole drilling of such stopes. The stopes are in strong 
ore, separated by 40-ft. pillars. Sectional drill steel was first used and 
then light diamond drills and diamond-drill holes. Sublevel intervals 
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Fria. 290a.—Pillar mining by shrinkage stoping. (A.J.M. . 


were increased to 35 ft. from the usual interval of 25 ft. This reduced 
the proportion of development volume relative to ore volume. In some 
stopes the sublevel interval was increased to 60 ft. and a pair of sublevels, 
one on each side of the stope. The 114-ft.-wide stopes were provided 
with an additional line of sublevels in the center axis of the stope. This 
provided for a maximum depth of 20 ft. for blastholes. By increasing 
drill-hole depth to 45 ft. only two lines of sublevels were required for a 
stope width of 90 ft. (see Fig. 290b). 

Drilling depth is an important factor in determining the position, 
spacing, and number of vertical sublevel rows for a given stope. For a 
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maximum hole depth of about 65 ft. the sublevel spacing was 60 ft. In 
other mines the stoping height was divided into two 100-ft. lifts, each 
served by a sublevel from which diamond-drill holes were fanned out. 
Down holes are preferred; holes of greater upward slope than 15 deg. are 
avoided, as uppers are more difficult to load. The width of the ore body, 
its regularity, dip, and physical characteristics determine the layout of 
the stope and its development. 
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Fie. 290b.—Sublevel stoping with diamond-drill holes for blasting charges. Left and 
center—Noranda rhyolite flux stope. Right—Waite Amulet sublevel stope. (O. V. 
Lindquist.) 

Porritt and Carmichael state that at Noranda a typical blast of some 
12,000 tons entailed blasting 80 holes aggregating 9,503 ft. in length. 
The total labor for cleaning out holes, loading, testing circuits, and 
connecting up was 115 man-hours. 

The light diamond drill, improved drill bits, electric BELEN firm 
walls, and large ore ibddteg made Noranda sablevel practice possible. 
Groutd movement was prevented by filling stopes with mill tailings and 
granulated slag after they were finished and emptied. The presence of 
pyrrhotite in the mill pas resulted in the cementing together of the fill 
material. 
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Open-stope and Diamond Drilling—The successful mining of pil- 
lars by diamond drilling and long-hole blasting no doubt suggested open- 
stope mining by the same method. There are many examples of this. 
In some, horizontal ring drilling is effected from the corners of the stope 
area; in others horizontal parallel holes are drilled from slots at the ends 
of the stope, or parallel holes, inclined or vertical, are drilled from benches 
at the top of the block. Most of these applications are retreating from 
the bottom upward, the broken ore falling into hoppered bottoms connect- 
ing with loading chutes or in many cases with bulldozing chambers, where 
secondary blasting can be accomplished. 

Shrinkage Stoping and Diamond Drilling—Mounted drills and 
horizontal holes are preferred to stopers in shrinkage stoping. Such 
stopes should not be less than 8 ft. in width, as arching may develop in 
narrower stopes. Both walls and ore back must be strong or self- 
sustaining. In wide ore bodies the light diamond drill and long blastholes 
have found some application. 

Parallel horizontal holes are drilled from positions slashed out at the 
ends of the stopes. Holes are spaced about 6 ft. apart and burdens are 
4 ft. or more. It is unnecessary for the miners to enter the stope. At 
the Sladen Malartic mine (Canada) slots or cuts were ring blasted at the 
ends of the stope, giving a breast 13 to 14 ft. in height; diamond-drill 
holes were next drilled from these breasts 50 ft. in depth, spaced 4 to 6 ft. 
horizontally and with a 4-ft. burden on each horizontal row; the slice 
blasted down was 50 to 60 ft. in length, 10 to 30 ft. in width, and 12 to 
14 ft. in thickness; drill footage gave 1.25 to 2.5 tons per ft. and explosives 
were 0.35 to 0.5 Ib. per ton. 

Shrinkage Stoping and Mechanical Loading.—Shrinkage stoping 
requires drawoff raises and chutes uniformly spaced at intervals of from 
25 to 30 ft., and wide stopes may require two lines of such chutes to 
serve the area. In comparatively recent practice drawoff raises are 
started from the floor of the level and the chute construction is omitted. 
The broken ore is loaded out with mechanical loaders. Crosscuts are 
driven from a main drift at intervals of 30 to 50 ft., and from these the 
drawoff raises are extended up to the stoping level in wide orebodies. In 
all mechanical loading, drawoff points must be offset from the haulage 
drift a sufficient distance to give room for the loaders. 

Spiral Stoping.—Spiral stoping was developed at the Granby Com- 
pany’s Phoenix and Anyox mines. It is applied at the Beattie mine 
(Quebec) to ore widths 60 to 200 ft. and stopes 100 to 110 ft. along the 
strike, with intervening 30-ft. pillars normal to the strike. Levels are 
at 150-ft. intervals. Each stope is served by two chute raises, which have 
50-ft. centers and are 25 ft. from the nearest pillar. A manway between 
the chutes connects with a short drift joing two bulldozing chambers 
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above the chute pockets. Incline raises start at a 40-deg. slope from the 
edge of the grizzly opening. Manway raises are constructed in the 
pillars, zigzagging up the center line of the pillar. The spiral stope on a 
35-deg. incline turns about an axis with a 35-deg. slope on the inside of 
the turn for an ore runway and a flatter slope on the outside for a path- 
way. Connections are made with the pillar raise. Successive slashes 
are taken from both back and sides. Machine shift tonnage increases 
from 50 to 150 tons in successive slashing stages. 

10. Longwall Method.—The longwall method is one of the impor- 
tant methods of mining coal. It is not restricted to coal but can be 
extended to the mining of sedimentaries such as clay, gypsum, and salt. 
Unlike other methods of coal mining, the longwall method wins all the 
coal on the first working. Coal seams from 2 to 8 ft. thick and from 0 to 
30 deg. dip are worked. An essential is that the roof must not be too 
hard. The characteristic of the method is a continuous working face, 
which may be straight or stepped, followed by a uniform settling of 
the roof behind. The working face is divided into sections 40 ft. 
in length, each section being served by a gateway or branch passage 
equipped with track for tramming. The sections may make a continuous 
face, either curved or linear. They may be stepped where a heavy roof 
must be handled. The coal is removed by undercutting and blasting, 
by undercutting and allowing the roof pressure to bring down the coal, 
or by roof pressure assisted by more or less picking. The weight of 
the roof is carried in part by the working face and assists in getting the 
coal. A sufficient area must be opened up in order to get the roof work- 
ing properly and to start the initial break at the shaft pillar. In some 
cases the roof weight becomes excessive and must be controlled by timber 
cribs and gob packs. The face is protected by three or four lines of props, 
which are placed from 3 to 4 ft:, center to center. As the face advances, 
the last line of props is removed and a new line is placed. Waste is 
thrown back into the gob. The gateways are protected by waste packs 
on each side. Where a narrow seam is being extracted, headroom in the 
gates and at the faces is obtained by “brushing” the roof or floor 
(excavating 2 or 3 ft.) The waste so obtained is used for pack walls and 
stowing. Where the roof pressure is too much for props, timber cogs are 
used instead. The longwall face may be advanced from the shaft pillar 
(longwall advancing), in which case gateways, mother gates, and main 
haulageways must be extended through and maintained in the gob; or the 
development workings may be pushed to the boundaries of the property 
and the longwall face brought to the shaft (longwall retreating). Long- 
wall advancing is more often used, as it reduces the time required for 
development and thus brings a mine to the producing stage sooner. 
The panel system may be used. This requires that the coal seam be 
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divided into panels 600 by 1,200 ft. or other dimensions. Each panel is 
protected by barrier pillars, usually 50 ft. wide on all four sides. Within 
the barrier pillars the coal is removed by a longwall face, which may be 
extended diagonally or parallel with the ends of the panel. The longwall 
face is always brought back to the main development workings. In large 
mines the panel system is probably the best method. 
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The development plans show how easily ventilation is accomplished. 
The coal is shoveled into cars, which may be run on a track parallel with 
the face, or each 40-ft. section may be served by a stub track intersecting 
its center. Longer sections can be served by putting in turnplates and 
sections of track parallel with the longwall face. 

Figure 291 shows plan of a stepped longwall face with gates at 60-ft. 
centers. 

11. Room-and-pillar Method.—The following names are in use: 
‘Room and pillar,” “pillar and breast,” ‘‘post and stall,” and ‘‘bord 
and pillar.” The first three have practically the same signification. 
Stall as distinguished from room is characterized by a narrow opening, 
whereas the ordinary room may open out from an entry with the full 
width or less. The fourth, bord and pillar, has features that distinguish 
it from the room-and-pillar method, and consequently it is treated 
separately in the section that follows. While the room-and-pillar method 
is used principally for mining coal, it can be applied to the mining of any 
mineral that occurs as a bedded deposit. The following description 
applies particularly to coal deposits. Coal seams ranging from 4 to 12 ft. 
thick and from 0 to 30 deg. dip and at a depth not greater than 500 ft. can 
be worked by room and pillar. A narrow room is excavated, starting 
from a side or butt entry. This may be driven at right angles to the 
entry or inclined at any angle from a right angle to 45 deg. A neighbor- 
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ing room is taken off, separated by a rib or pillar. As the rooms are 
extended, short: drifts or break-throughs are driven through the ribs for 
ventilation. Other rooms are started in sequence. The rooms are 250 
to 300 ft. long and extend up to a pillar that separates them from the 
next side entry. A track is laid in the center of each room. The coal 
is loaded into cars by shoveling. As soon as a number of rooms on one 
entry have reached completion, work is started on the ribs between the 
rooms, beginning on the rib between rooms 1 and 2. This rib is worked 
back toward the entry, and as soon as it is well advanced the next rib 
is started, and so on. The ribs are worked back in echelon. The 
method of drawing the rib is to start a drift through the rib, leaving 
a protecting pillar on the end. The drift is timbered by props and 
headboards. The protecting pillar is then attacked and removed in 
slices parallel with the drift. Temporary props are put in. When as 
much of the protecting pillar as can be removed with safety has been 
removed, the props are drawn, the roof is caved over the original room, and 
the portion is mined out in the rib. Rib drawing can be started at any 
point in the mine, provided the work is started at the ends of the com- 
pleted rooms and is extended (retreating) toward the side entry from 
which the rooms have been driven. Two methods are practiced. In one 
the mine is roomed out to the boundaries and a general retreat upon the 
ribs follows; in the other, rib drawing is begun almost as soon as two or 
three rooms have been completed, following closely and systematically 
upon the rooms as they are completed. The latter method is by far 
safer and better, and yields more coal. In determining the width of 
room and pillar two tendencies of practice are to be noted. In one the 
room is made as wide and the rib as narrow as possible, primarily to 
secure as much coal as possible on the first working, even at the sacrifice of 
the coal left in the ribs. This policy makes the drawing of the ribs 
dangerous and uncertain, for the ribs may be too narrow to support the 
roof, and creep and crush may cause the mine to be lost. This practice is, 
on the whole, to be condemned. ‘The other tendency is to leave the ribs of 
ample width and to secure only a moderate amount of coal on the first 
working. The remaining coal can be won on the second working or rib 
drawing. 

Two methods are in use for the general layout of the system. In 
the first the mine is worked as a complete unit, pillars being used only to 
protect the main and side entries. In the second the mine is divided into 
large panels, and each panel is protected by barrier pillars and worked as 
a single unit. The latter method is the better practice; the former is 
of use only in small mines. The primary reason for panel working is the 
prevention of squeezes and the localization of accidents, principally 
explosions. Room-and-pillar dimensions are given in the following table; 
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TaBLE 118.—Room-anp-PILLAR DIMENSIONS 
Minimum, 100 to 150 ft. 
Length of room 4 Common, 250 ft. 
Maximum, 300 ft. (Where rooms connect, lengths run up to 800 ft. 
or more) 
Minimum, 12 ft. 
Width of room {cs 20-25 ft. 
Maximum, 30-40 ft. 
Minimum, 10-15 ft. 
Width of rib Common, 15-25 ft. 
Maximum, 32-72 ft. 


As an example, the room and rib widths given by H. N. Eavenson and 
representing the practice in the mines of the U.S. Coal & Coke Co. are 
quoted below. 


TaBLe 119 
Depth of cover, ft. Wiath of rooms, ft. | Width of ribs, ft. 
ROE UO: SOOPER 0s ahead ca el 18-24 42-36 
SOO=S50O ere CMM ech ines kee oe 18-24 57-51 
Over DOOR sree: 2 etc age eee: 18-24. 72-66 
is to: BOOM: ele 36-40 44-40 
OOO= DUO EM ees et... ant sc bercveteen seoereee 36-40 54-50 
Overs 5 00R REE Ss gad sae eaeatoe 36-40 64-60 


Rooms are driven face-on, end-on, or at an angle to the main cleat of the 
coal. The significance of the terms is illustrated by Fig. 292. The direc- 
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Ira. 292.—Directions for driving rooms in the room-and-pillar method of mining. 


tion of the room is more or less governed by the dip of the seam. Witha 
steep dip the room is driven at an angle in order to reduce the grade. 
Where the dip exceeds 6 or 8 deg. the rooms are usually driven up the dip 
and the cars are drawn up to the working face by gravity trams. Two 
tracks are used, the loaded car hauling the empty up. In some mines the 
room direction with reference to the cleat has an important influence 
upon the production of the maximum amount of lump coal. Rooms 
driven face-on produce more lump coal than others. The support of 
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the roof is still another factor. Roof. breaks parallel with the cleat can 
be controlled more readily when the room is driven normal to the direc- 
tion of the break than otherwise. 

Illustrations of room-and-pillar mining are given in the chapter on 
Development. Machine cutting is discussed in the chapter on Rock 
Breaking. Respecting the general method of procedure in coal mining, 
H. N. Eavenson makes the following significant statement. 


The first principle of any economically planned and managed coal mine 
should be to drive rooms only as they are actually needed and to begin removing 
pillars as soon as the rooms have reached their limits, and it is unfortunate that 
the limitations of output, labor supply, dirty coal, etc., too frequently prevent 
this being done, even where so planned. 


12. Bord and Pillar——The distinguishing characteristic of this 
method is the winning of a relatively small proportion of the coal in the 
first working. This may range from 15 to 35 percent. In the room-and- 
pillar method the first working yields from 50 to 80 per cent. Bords or 
rooms are driven face-on and are from 12 to 18 ft. wide. They are 
spaced at varying distances, depending upon the depth of the workings. 
Shallow workings have wider rooms and closer spacing, while in deep 
seams the reverse practice is followed. In the Pittsburgh district room 
centers are 42 ft. under the former conditions and 80 ft. under the latter. 
Drives (walls or headings in English coal-mining practice) at right angles 
to the bords are put through at regular intervals and divide the coal into 
Square or rectangular pillars. The drives are narrow, about one-half 
the width of the bords. Redmayne gives the following pillar dimensions 
for different depths: 


Depth 300—mOOOLKtER a serereeracudarrers pillars 90 X 120 ft. 
Depth:600=2900ktae.trperretceter pillars 120 x 150 ft. 
Depth: 900-1, 200ftii.wnacctee antec pillars 120 < 180 or 150 X 150 ft. 


The second working or the removal of the pillars’ may start at almost 
any point, but preferably at a boundary of either the panel or the mine. 
In the Pittsburgh district the working of a rib or pillar requires the 
driving of an 8-ft. chamber, 8 ft. from the end of the bord and across 
the rib. The narrow rib left is then worked back toward the bord in two 
or four sections. As each section is removed the props are drawn and 
the roof is caved before the next section is attacked. When the last 
section is reached the end of the bord is dropped together with the section. 
The miners start another 8-ft. chamber 8 ft. from the new end of the 
bord, and the working of the narrow rib left follows. Props are used for 
the temporary support of the roof, and track is laid for the transport of 
the coal. Figure 293 shows the sequence of steps involved in working 
a rib. 
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The general layout of the method follows that used in the room-and- 
pillar method. The bord-and-pillar method has the advantage of giving 
less trouble from excessive roof and floor pressures and yielding a higher 
percentage of the coal. It is applicable to deeply buried seams and can 
be applied to shallow seams where the room-and-pillar method is unsatis- 
factory. It is evident that the line of demarcation between the two 
methods is not sharp. 
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Fig. 293.—Method of working back arib. (Trans. A.I.M.E.) 


13. Special Methods. Mining Coal Seams of Moderate Dip.—The 
coal seam of moderate thickness can be mined by longwall or by room- 
and-pillar methods. Usually the longwall faces are driven up the dip 
and provision is made for raising empty cars and lowering loaded ones 
with a hoist,’ go-devil, or windlass. Figures 294a, b, and ¢ show two 
methods used in the Westphalian coal district, Germany. Filling is used 
in both, and the placing of filling follows closely upon the excavation of 
the coal. As is shown in Fig. 294a, the filling is hoisted in cars up an 
auxiliary slope and the cars are run along the working drift to the point 
where the filling is to be placed. The track extends to the coal face, 
where the empty cars are filled and returned. The drift is extended 
until both faces driven from opposite sides meet. On the completion of 
the filling the track is removed and a new drift 24 ft. up the dip is started. 
The details of filling and roof support are shown in Fig. 294b, A, B, C, and 
D. Figure 294c shows the working of a seam from 20 to 35 deg. in dip 
and the use of sand filling by flushing. 

For mining coal seams of steep dip, methods similar to overhand 
stoping may be employed. The room-and-pillar system is also used; 
chutes are constructed in the center of the room and the coal is drawn off 
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by gravity from a level below in much the same way that ore is handled. 
Ventilation is provided by a auxiliary airway driven as a drift in the coal 
above the main tramming level. Brattices bring the air to the working 
places in the rooms. In working up the dip, rooms are driven only 
moderate distances as compared with ordinary room-and-pillar work. 
Robbing of pillars is accomplished by retreating from the end of the 
levels. The coal is worked from the top of the pillar downward. 

Mechanization of Coal Mining.—The first stages in the mechanization 
of coal mines involved the use of the power drill and coal cutters of 
various types. A relatively long period followed, during which the use of 
these machines spread and drilling and undercutting passed generally 
from the realm of hand labor. From about 1920 began another 
broad development of mechanization, principally in the use of mechanical 
loaders and a more extensive use of different types of conveyors. The 
early part of this period was marked by the mechanical improvement of 
the machines themselves. Design and materials used in construction 
have finally reached a point where dependable machines with standard- 
ized parts are available. Along with a more widespread experience 
with the machines came appreciation of their possibilities. The third 
stage in mechanization is now in progress: The improvement in mine 
layout and mining method and the coordinating of all operations having 
to do with the mining, loading, and transportation of coal. Car sizes 
have been increased; car design has been improved; locomotives have 
been made more dependable; auxiliary hoists of various types have been 
better designed; electrical and lighting equipment are available; and 
working crews have been trained in the proper use of the equipment. 
Ventilating systems have also been modernized. 

Machine appliances have resulted in a higher rate of working and 
permit a greater concentration of working places, so that the same or 
greater tonnage is now secured from fewer working places. Super- 
vision is thus made more thorough and roof control has been simplified. 
Undercutting, drilling, shooting, loading, gathering, timbering, track 
work, and haulage have increased in efficiency. 

Coal seams of 6 ft. or greater thickness permit the use of mechanical 
loaders and pit-car loaders; seams of from 4 to 6 ft. in thickness permit of 
low-clearance mechanical loaders and pit-car loaders, but scrapers and 
conveyors are more generally used; while in seams of less than 4-ft. 
thickness conveyors and scrapers are more adaptable. Scrapers require 
a comparatively smooth, hard footwall for satisfactory operation. The 
thickness of the coal seam, its dip, the roof conditions, and the distribu- 
tion of impurities in the seam are factors in the selection of the loading 
equipment. 

Mechanical loaders used in coal mining are the Joy, Coloder, Goodman. 
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power shovel and for rock work the Myers-Whaley and Nordberg- 
Butler. ‘he pit-car loader is a short length of chain conveyor mounted 
upon a two- or four-wheel truck, the receiving end being at track level or 
lower and the discharge end at car height. It is motor-driven. The 
scraper loader is a sloping steel pan mounted upon a four-wheel truck 
and equipped with motor and hoist for operating the scraper. The dis- 
charge end is at car height and the receiving end at floor level. Pit-car 
loaders require hand shoveling, but mechanical loaders and scraper 
loaders avoid hand labor. 

Conveyors are of two types, the sectional chain conveyor and the 
shaker, or roller, jigging conveyor. The first consists of a bottom pan 
for the return of the chain and an upper pan for the conveying of the 
coal. The sections are 6 ft. in length and the chains are equipped with 
steel flights. The shaking conveyor is operated by a head motion and 
motor. The length of stroke is adjustable to conditions and ranges up 
to a maximum of about 11 in.; the number of strokes ranges from 60 to 82 
per min.; motor size ranges from 5 to 25 hp., a 5-hp. motor being 
used for a conveyor 200 ft. in length, No. 1 trough, and a 714 hp. for 
300 ft., No. 1 trough; conveyor lengths up to 500 ft. have been used. 
Chain conveyors are used up to a length of about 300 ft. Both types of 
conveyors are usually loaded by hand shoveling. In the shaker conveyor 
an attachment, known as the ‘“‘duckbill,” reduces hand shoveling to a 
minimum. The duckbill is given the same reciprocating motion as the 
conveyor trough and, by means of a telescopic section, it can be advanced 
into the broken coal and will load it out. The Jeffrey Co. has a “‘con- 
veyor loader,’”’ which is used on long-face work. The coal is shot down 
upon the conveyor in part, about half of the coal being retrieved without 
shoveling. : 

At Hanna, where Joy machines are used in loading out the lower 8 ft. 
of a 30-ft. coal seam, the loader units averaged 65 tons per machine day, 
and in later work with improved units an average of 200 tons per machine 
day or better could be obtained. The maximum with the older-type 
machine was 150 tons per day; with the new machines a maximum of 260 
tons could be obtained. The upper 20 ft. of the seam is loaded with 
Thew electric shovels, which average 169 tons per day with a four-man 
loading crew. 

G. B. Pryde states that with a crew of 16 men a scraper unit averages 
326 tons per machine day and reaches a maximum of 500 tons. The 
scraper unit is used for long-face working and discharges into a conveyor. 
The usual procedure is for ascraper unit toremove the broken coal toa con-. 
veyor; the first conveyor discharges intoa second at right angles to the first, 
the second conveyor delivering to the cars on the entry. Pryde states 
that the scraper can be used only in places where the roof is particularly 


UNDERGROUND METHODS 609 


strong, so that a span of at least 10 ft. can be left between the last row of 
props and the coal face. G. B. Southward gives an example of scraper 
loading in a seam 714 ft. thick in: which a 300-ft. face was worked, the 
depth of cut being 8ft. With 14 men on the crew the output was 270 tons 
per shift. The units worked were 90 ft. in width, the roof being supported 
upon timbers while advancing the face from 75 to 90 ft. Total man- 


SMAQy 


nay material 
and ventilation. _ 


n 


For mai 


x 


Fia. 295.—Shaking-conveyor units;-A, rooms extended up the dip; B, rooms extended 
parallel to the strike. (O. G. Sharrer.) 
hours per ton was 0.386. The scraper loaded into cars. In _pillar- 
recovery work where rooms were 22 by 300 ft. and pillars 50 ft. wide, a 
10-man crew, making a cut of 714 ft. on a seam 6 to 8 ft. in thickness, 
averaged, with scraper loading, 180 tons per shift and 0.444 man-hour per 
ton. Scoops used in scraper loading range from 1 to 5 tons in capacity. 
The shaking conveyor with duckbill loader is widely used for entry 
driving, room working, and pillar recovery. In the mines of the Union 
Pacific Coal Co. 2144 cuts, 15 ft., are averaged in entry driving. Pryde 
states that rooms 300 ft. in length, which formerly required 114 years for 
driving and pillar recovery, are now driven and the pillar withdrawn in 
3 to 5 weeks, this result being attained by double shifts and the cutting of 
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room faces and pillars several times in each 8-hr. shift. No outstanding 
difficulties were experienced in driving rooms under frail roofs. Layouts 
for room-and-pillar working with shaking conveyor and loader are given 
in Fig. 295; a indicates the driving of rooms up the dip and b the driving 
of rooms parallel with the strike. In both cases pillars are recovered by 
retreating to the entry, the successive cuts being protected by small 
pillars next to the caved ground and supported by props. The comple- 
tion of a pillar section is followed by caving of the top. Rooms are turned 
on 45-ft. centers and pillars are 23 ft. in width. They are supported by 
10-in. crossbar, each placed upon five posts, the bars being used with 6-in. 
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Fia. 296.—Long-face advancing system with conveyors. (G. B. Southward.) 


lagging and spaced at 4-ft. intervals. Two 25-hp. shaking conveyors 
with duckbills, two mining machines, two coal drills, and two blower 
fans are used. The crew consists of two machine men who cut, drill, 
and blast the coal, one duckbill runner, and two helpers, or a total of 
five men. The foregoing example and the figures are taken from a 
description by O. G. Sharrer. 

An example of long-face mining with conveyor equipment is taken 
from a description by G. B. Southward. Figure 296 shows the plan of 
the workings. The coal seam is from 2 to 3 ft. in thickness, with a dip of 
14 deg. The face served by the conveyor is 300 ft. in length and ig 
undercut 5 ft. at each cycle. The conveyor is laid about 4 ft. from the 
face and is moved forward after each cut has been loaded out. A row of 
timbers is set between the conveyor and the coal. A single entry at the 
end of each face is kept about 100 ft. in advance of the face to provide 
loading room for a trip of mine cars. Pack walls support the entry. A 
short conveyor receives the coal from the face conveyor and delivers it at 
car height. One face cut, producing from 100 to 200 tons, is loaded out 
during a shift. Three rows of timbers support the roof overhang, the 
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first row being 2 ft. from the coal face and the third 12 ft. After a face is 
loaded out, the new row of timbers is placed and the last line is removed, in 
some cases being blasted out. The roof usually falls shortly after the 
line of props has been removed but sometimes hangs up for several cuts. 

Figure 297, taken from descriptions by Southward, represents an 
example of scraper loading. Here the coal seam is 4 to 5 ft. in thickness 
and nearly flat. Panels 270 ft. in width and 1,500 ft. in length are 
developed by a haulageway and two air courses. Pairs of cross entries 
driven through the panel width at 120-ft. intervals divide the coal into 
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Via. 297.—Scraper trarisportation; V faces in rooms and pillars. (G. B. Southward.) 


blocks 120 ft. wide by 270 ft. long. The blocks and the chain pillars are 
mined by long faces turned off the cross entries on an angle so as to form 
a V-shaped area in the solid coal. A pair of faces on one entry mines 
the chain pillar and slabs a 30-ft. width from the 120-ft. pillar, leaving a 
block 90 ft. wide. This is worked by a single face 120 ft. long turned off 
of the next cross entry ahead. Only one scraper works at a time in a 
panel, either on a single face or on double faces that start at the air course 
and mine down to the haulageway before the next block is started. The 
scraper, 1,200 lb. in capacity, is handled by main and tail ropes on a three- 
drum hoist, the third drum of which is used to shift the position of one 
of the sheaves so as to change the direction of the scraper travel when the 
scraper is turning from the face down into the entry. The coal is under- 
cut about 6 ft. The roof is supported in the V-shaped area between the 
faces and caved in the area behind the end of the faces. A row of timbers 
is set 6 ft. from the face and parallel to it after cleaning up each cut; these 
are split posts and are set on 4-ft. centers. No timbers are recovered. 
Usually the end of a face marks the roof break. Loading and timbering 
are done on the day shift;*cutting and drilling are done on the night shift. 
The day crew consists of the face boss, a hand shoveler, a timberman,,. 
a hoist operator, and a car trimmer; the night crew consists of two 
machine cutters and one helper; a gathering locomotive and two men 
deliver cars but also serve other work. Usually a face 120 ft. long or a 
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Ita. 299.—Shaker conveyor with duckbill loader. 
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ee of double faces is loaded out each day, making about 100 tons per 
ay. 
Figure 298 shows scraper operation in long-face mining; Fig. 299, a 
shaking conveyor with duckbill extension; Fig. 300, loading coal at 
entry; and Fig. 301, a view of caved roof rock. All photos show the 
mining practice of the Union Pacific Coal Co. 

There were 11,810 coal-cutting machines in operation in 1938 in 
underground bituminous coal mines. Undercut coal was 87.5 per cent 


Fig. 300.—Shaking conveyor loading coal at entry. 


of total, the average output per cutter being 23,566 tons. Of a total of 
122,581,133 tons, 90.9 per cent of the coal was drilled by electric drills 
and 9.1 by pneumatic drills. Total drilling machines numbered 6,536; 
5,071 were electrically operated and 1,465 were air-operated, with some 
851 such drills used on rock work. Power-drilled coal accounted for 38.5 
per cent of total underground coal, while mechanically loaded coal 
accounted for 26.7 per cent. In 1938 there were 1,405 mobile loaders, 
117 scrapers, and 1,872 conveyors in bituminous mines handling 85,092,- 
836 net tons. Of underground coal a total of 318,137,909 net tons was 
divided into hand-loaded, 233,045,073 net tons, and machine-loaded, 
85,092,836 net tons. In the same year 10,151,669 tons. of Pennsyl- 
vania anthracite were mechanically loaded and some 27,990,000 tons 
hand-loaded. 


614 ELEMENTS OF MINING 


Mining Salt.—Two methods involving different features from any 
described are sometimes used. Where water is present in the salt 
measure, boreholes may be sunk and the brine pumped. If water is not 
present it may be introduced into the borehole, the salt dissolved, and 
the resulting brine pumped out. In order to accomplish this the bore- 
hole is cased and an air-lift tube is inserted. The outer casing terminates 
at the top of the salt measure while the borehole is continued to the 
bottom. The lift tube extends to the bottom of the bore. Water 


I'ig. 301.—Caved roof rock and roof breaks at a line of props. 


introduced between the inner and outer pipes dissolves the salt. The 
increased density of the resulting salt solution causes it to sink to the 
bottom of the borehole, from which point it is elevated by the air lift. 
In underground mining of salt, sprays of water may be directed against 
the salt and the resulting salt solutions pumped to the surface. 

Mining Sulphur. Frasch Method—This method is employed in the 
sulphur deposits of Louisiana. The sulphur deposits are covered by clay, 
sand, and gravel and rest on limestone at depths of 500 ft. or more. A 
borehole is put down and within each bore four lines of pipe, 10, 6, 3, and 
1 in. in diameter, are placed. Superheated water (335°F.) is pumped 
down in the space between the 6- and 3-in. pipes. This melts the sulphur, 
which gravitates to the bottom of the bore, from which point it is lifted 
by the air-lift pump (the 3-in. and l-in. pipes) to the surface. The 
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molten sulphur is run into large rectangular vats (250 ft. wide, 350 ft. 
long, and 40 ft. high). 

Production of crude sulphur in 1940 was 2,732,988 long tons; ship- 
ments were 2,558,742, valued at $40,900,000. Texas produced 81 per 
cent of the total from five operations. Mining sulphur in Texas followed 
the discovery of large sulphur deposits in 1918. Known reserves of 
sulphur continue to expand. 

Underground Leaching.—The possibility of removing the metal 
content of an ore by leaching in place has attracted both miners and 
metallurgists. Some success has attended a few efforts of this kind, and a 
few failures have indicated that only a most favorable set of conditions 
will ensure success in this kind of mining. These conditions are the 
general permeability of the ore mass through the presence of numerous 
cracks and fissures, the solubility of the ore mineral in water or dilute 
sulphuric acid solutions, the impossibility of spreading of solutions to 
offsetting channels, and the practicability of collecting the solutions in 
workings below the ore bodies and conducting them without loss to 
precipitating troughs where the metal can be readily precipitated and 
gathered. Copper ores have been treated in this way at Bingham and at 
Cananea.! At Bisbee low-grade ore dumps as well as waste-rock dumps 
and some underground ore have been successfully leached and the copper 
has been recovered. | 

Mining Nonmetallic Minerals.—In general, the mining of non- 
metallic minerals is by methods similar to those employed in the mining 
of metals and coal. Wherever possible they are mined by open-cut 
methods, but in numerous instances the deposits are at such depths as to 
make underground methods necessary. Salt, gypsum, limestone, silica 
sand, potash, phosphate rock, and kernite are won by single-entry 
development and room-and-pillar mining. From 75 to 80 per cent of 
the mineral bed is mined and from 20 to 25 per cent is left in place for 
the support of the workings. . Clay, diatomite, and phosphate rock are 
sometimes mined by top slicing, by which method all the mineral is 
obtained. Talc, fluorspar, barite, feldspar, and magnesite are mined in 
open stopes, pillar-supported where the beds are inclined at low to moder- 
ate angles; where steeply inclined they are mined by shrinkage stoping. 
It is seldom that waste-rock filling is employed. About 20 to 25 per cent 
of the mineral is left in place as pillars for support. 

GENERAL FEATURES OF MINING METHODS 
~Stope Limits.—Stope limits are established either by definite walls 
where these exist, or by the lowering of the grade of the ore. There may 

1 Underground Leaching at Cananea. C. C. Greenwood, Eng. Min. Jour., vol. 


121, p. 518; see also Leaching at Ohio Copper Mine. F. E. Wormser, Lng. Min. Jour., 
vol. 116, p. 665. 
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be a well-marked lessening in the visible mineral content or a grad- 
ual diminishing of values that cannot be discerned by the eye. In 
the latter case the stope limit must be established by sampling. Short 
cuts can be driven in advance of the face and sampled or holes can be 
drilled and the drillings assayed. In gold mines where the gold is free 
the drillings are panned. The end limits of the stope along the strike 
of a vein are determined by sampling the drifts. Within the stope the 
end faces are also sampled unless the ore clearly indicates to the eye its 
passage into waste. Good mining requires that not a pound of profitable 
ore be left in the stope, and only close inspection and frequent sampling 
will attain this objective. 

Measurement of Stope.—In regular workings the measurement of the 
outlines of a stope can often be readily made. A stope book in which 
the different floors of the stope are shown in plan is used to record the 
measurements, which are taken at regular intervals, either each week or 
month. In irregular workings the output of the stope can be measured 
by the number of cars of ore produced each shift. A tally board is often 
placed at each chute. All chutes are numbered, and the record is made 
as the cars are loaded. Surveying methods used in measuring the volume 
of underground workings are described in treatises on mine surveying. 

Testing Loose Rock and Walls.—In overhand stopes it is particularly 
necessary to guard against falls of rock from the back. After each blast 
the back should be carefully barred down and all loose rock removed. 
Long bars are used so that the miner need not endanger himself. After 
the back is barred down it should be carefully examined and sounded 
with a hammer where possible. If it is weak, timbers must be placed 
before work is resumed. Walls are also carefully examined, and any 
loose slabs are timbered or removed. 

Comparative Safety.—There is a certain hazard attendant upon all 
methods and it is difficult to say that one method is more hazardous 
than another. Under certain conditions a method may be particularly 
suitable and its employment will result in comparatively few accidents, 
while the same method under the same conditions but with inexperienced 
miners may appear to be extremely dangerous. Probably the most 
critical period is during the beginning of operations. As experience is 
gained and as the limitations are better understood the danger reaches 
a minimum. ‘The employment of miners familiar with a given method 
reduces the risk to a considerable extent. Poor supervision and inspec- 
tion and lack of discipline are often causes of more accidents than peculi- 
arity of method. Rapid change in the physical nature of the deposit 
and the enclosing rock may cause a dangerous situation before it is fully 
realized. Experience, good discipline, good supervision, and frequent 
examination of the physical characteristics of the deposit as it is opened 
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up will avert a contingency of this nature. A method obviously danger- 
ous as applied in a given mine should be discarded. A careful considera- 
tion of the physical nature of the ore body and of the methods of support 
required is essential as a preliminary to the selection of a method. 
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Proportion of Mineral or Ore Won.—There is loss of mineral in 
every method, but the loss is reduced to a minimum where the method is 
systematically applied and there is close supervision. The approximate 
proportion of mineral won by different methods is given in Table 120. 
The proportion of coal won in working coal seams by the room-and-pillar 
method is given for 12 coal mines by H. N. Eavenson below. 
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Factors That Influence Cost——The most important factors that 
influence the cost of mining are method of development, method of 
mining, size of the deposit, hardness of the rock, presence or absence of 
water, method of drilling, number of free faces, support, ore handling, 
continuity of work, wages, hours of labor, experience of the workers, 
supervision, and mechanical equipment. Of somewhat less importance 
are plenty of sharp tools, good lighting, and ventilation. 

Other things being equal, the larger the deposit the more economically 
it can be worked since nothing that will reduce cost need be absent from 
the mechanical equipment. Power haulage, power drilling, lighting, 
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and ventilation can be adequately provided for. Ore in wide stopes can 
be more economically broken than in narrow. Wide stopes in heavy 
ground are more difficult to support than narrower ore bodies and are 
therefore somewhat more expensive to work. The harder the rock, the 
more costly it is to break, but on the other hand the cost of support is less. 
Experienced workers under a good working organization and supervision 
can produce ore at a lower cost than under opposite conditions. 

The influence of the method of development corresponding to different 
methods of mining has been discussed in the chapter on Development 
(development ratios), and in the division that follows the more important 
items of expense are compared for different. mining methods. 

Methods requiring the breaking of all the ore by drilling and blasting 
are obviously more costly than those in which breaking is accomplished 
by caving or ground pressure. Ore-caving methods have the advantage 
in cost of breaking over other methods. The introduction of the stoper 
and one-man drill has materially diminished the cost difference between 
the two groups. Breaking in stopes, even where the rock is hard, can 
probably be accomplished at 15 to 40 cents per ton. 

Methods that require support by timbers and timber and filling are 
more costly than those where timber is dispensed with. The latter 
methods can, however, be used only where the ore is solid enough to 
support itself across the width of the working. Block-caving has the 
advantage of being applicable where the ore is too weak to remain 
unsupported in a stope. Methods requiring both timber and _ filling 
are on the whole more expensive than those where timber alone is neces- 
sary. Pillar support has the disadvantage of tying up a portion of the 
mineral indefinitely; and while there is no money expenditure involved, 
the profit that might accrue from the working of pillarsis lost. Shrinkage 
stoping where it can be applied has a decided advantage in lower cost over 
the timbered stope. 

Ore movement is an important element in the cost. Methods that 
eliminate ore handling in the stope and permit chute loading of the 
cars have the advantage in lower cost. Shrinkage stoping and block 
caving are conspicuous in this respect. Most of the overhand stoping 
methods admit of chute loading on the levels, but more or less ore handling 
in the stope is necessary. 

Block-caving is one of the low-cost mining methods. Next in order 
may be placed shrinkage stoping combined with block or pillar caving, 
and then shrinkage stoping. Probably the most expensive method is 
the square set and fill. For thin coal seams the longwall method is more 
economical than room-and-pillar, and for thicker seams it is an open 
question which has the advantage. For very thick seams the room-and- 
pillar or bord-and-pillar can be more advantageously used. 
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Selection of Mining Methods.—Many classifications of mining 
methods have been proposed in an effort to find a logical arrangement 
to cover the variations in mining practice. There are five basic methods 
of underground mining: Stoping, shrinkage, sublevel, top slicing, and 
miscellaneous caving and block-caving; in mining bedded deposits long- 
wall, room-and-pillar, and to some extent top slicing are the primary 
methods. They may be applied as advancing or retreating. In advanc- 
ing, mining is begun when contact is made with the mineral; in retreating, 
only after the outside limits of the mineral have been reached, the mining 
retreating toward the initial entrances with abandonment of the workings 
as soon as they have been mined out. Mined-out workings may be left 
open, timbered as they are worked, filled with waste rock, timbered and 
filled, or allowed to cave. 

Stoping may be applied to many types of ore bodies, all having 
characteristically some self-sustaining properties, ranging up to strong, 
hard ore masses; comparatively weak masses with strong support may 
also be mined. Shrinkage is applied to steeply inclined ore bodies where 
ore widths are 8 ft. or more and where walls and backs are reasonably 
self-sustaining. Sublevel stoping is applied to medium to strong ore 
bodies. Top slicing especially applies to soft, weak ores under weak 
overburden but is sometimes applied to medium-strong ore bodies. 
Block-caving is applicable to large, thick ore bodies of low to medium 
strength but in some cases may be applied to relatively strong masses such 
as limestone and asbestos rock. 

In any one mine a variety of methods may be applied, each designed 
to meet the conditions of the individual ore body. Safe operation is the 
first consideration. Next is the cost question. Superintendents, fore- 
men, and engineers determine the applicability of the one or more 
methods that may be considered. Experience is a potent factor in the 
selection of a method. 

Selective mining, sorting in stopes, and ore grading are restricted to 
stoping, top slicing, and sublevel caving methods. Others take the 
whole ore mass. Where it is necessary to mine several ore grades, as 
in some iron mines, bulk mining methods are avoided. The present 
trend is toward selective mining, as labor costs, taxes, and other expenses 
have increased. These considerations may be a factor of importance 
in the selection of a method. 

Caving methods introduce the probabilities of surface subsidence, 
and consideration of its extent is necessary. The stability of shafts and 
surface structures may be affected adversely. Property damage likewise 
needs consideration. 

Stoping Costs.—Narrow ore bodies cost more to mine than wide ones; 
below 10 ft. in width costs increase much more rapidly than they decrease 
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as the width increases. Small dabs of ore cost more than large ore masses. 
The wider the stope, usually the more tons broken per machine shift. 
Stope widths of 40 to 50 ft. may give 40 tons or more broken per machine 
shift; 25 ft. in width, some 25 to 30 tons; at the Nevada-Massachusetts 
shrinkage stopes of 4.5 ft. in width gave 11.4 tons per man-shift. At the 
Old Eureka mine (California) underground production was at the rate of 
1.25 tons per man-shift. 

Hard ores cost more to drill and blast. Heavy timbering delays min- 
ing and costs are increased. Poorly drained stopes increase costs. As 
conditions vary widely from mine to mine, comparative costs are almost 
useless unless such conditions are accurately known. Useful tables of 
stoping costs are to be found in Bulletin 419 of the U.S. Bureau of Mines. 

Elsing gives examples of open stoping that average 60 cents per ton 
and with development, transportation, and other items reach 90 cents per 
ton. Cut-and-fill stoping shows a cost range of $2.53 to $4.51 per ton; 
square set, $2 to $4 per ton; sublevel, 40 cents to $1.50 per ton; sublevel 
caving, 60 cents per ton; top slicing, 75 cents to $1 per ton; and block- 
caving, 25 to 50 cents per ton. At the San Francisco mines (Mexico), 
shrinkage stoping cost $1.18, bench stoping $0.98, and cut and fill $1.65 
per ton (1936). At Ymir in 1937 narrow ore bodies cost $0.76 for 
development, stoping by shrinkage $1.39; total mining costs were $4.62. 

Table 122 gives details of comparative costs at one mine for various 
methods and conditions. Present-day costs would be greater than these. 
In Table 122a incomplete costs are given for the United Verde mine for 
several mining methods (1940). 

Mining by block-caving gives from 13.2 to 31 tons per man-shift 
with explosives ranging from 0.08 to 0.6 lb. per ton., power from 2.47 to 
4.75 kw.-hr. per ton, timber 1 to 1.75 bd. ft. per ton, and concrete where 
used 0.03 to 0.05 cu. ft. of cement per ton. Actual mining costs per ton 
are not available but are usually lower than by many other methods. 

Alaska Juneau reported in 1937 mine operating costs of 34.4 cents per 
ton with total operating costs of 65.5 cents per ton; for the period 1914-37 
inclusive, mine operating costs for 64,976,504 tons trammed were 28.1 
cents per ton and total costs were 63.5 cents per ton for an ore value of - 
87.2 cents per ton and a net operating profit of 23.7 cents per ton. 

In 1940 Transvaal gold mines milled 64,515,350 tons, giving an 
average yield of 4.196 dwt. per ton; total working costs were £1 Os. 8d. 
per ton of ore, and £4 18s. 6d. per ounce of gold; working Pypit was 
14s. 9d. per ton. 

An idea of the cost of mining coal can be obtained from a considera- 
tion of the average price realization per ton. The following figures are 
for 1929. The total of independent companies was 4,386, operating 5,570 
mines, and realization was an average of $1.72 per ton; average per man 
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TABLE 122a.—Sropine Costs ar Unirep VerpEe Mine, 1940 
(J. B, Pullen) 


Remnant | Vertical | Horizontal| Mitchell | Incline cut 
stopes pillar pillar slice and fill 
Bonsurmimne dives. qereg stesso Gis one ae 7,239 7,100 9,260 91,157 | 177,019 
Cost per ton: 
Labor Bhrteel tWeds Meet A eaWey $0.537 | $0.578 | $0.624 | $0.589 | $ 0.462 
Pimp ereparathe tiie k Leh shat oe 0.2385 0.184 0.287 0.224 0.128 
Hxplosivesss reich sue ahics ce 0.078 | 0.061 | 0.160 | 0.090 0.136 
MO VAINCOStiy sauna e eee oes RO SOON 058238 |e G1, O7l |e 0290801. $2027.26 
ibexplosive perton............. 0.44 0.35 0.93 0.52 0.78 
ES eet umpenntomm men aie oan AT, 5.89 9.26 7.18 4.08 
eons) per man-shift........ 02... .<|10.46 9.06 8.74 9.35 11.87 


ee a See ee 
Nore.—Power not included. 


TaBLe 122-—Comparative Sropina Costs,¢ CALUMET AND Arizona MINE? 
Method and conditions Labor Explo- Timber ieee Air Other Total 
sives carbide supplies 

Square-set, oxide ore,? 

heavy ground...:....| $0.73 | $0.06 | $0.34 | $0.01 | $0.12 | $0.04 | $1.30 
Square-set, oxide ore, | 

average ground.......} 0.60 0.05 0.25 0.01 0.10 0.04 1.05 
Square-set, oxide ore, 

robbing timbers..... 0.61 0:05} 0.16} 0.01 0.10 | 0.04] 0.97 
Top-slice caving, old 

method, oxide ore, 

heavy. ground....... 0.638 | 0.07] 0.20} 0.01 0.10 | 0.03 1.04 


Mitchell top-slice caving, 
oxide ore, heavy 


Mitchell slicing, oxide 
ore, average ground.. 0.51 0.05 0.20 0.01 0.06 0.02 0.85 
Square-set, sulphide ore,° 
average ground...... 0.49 | 0.04 0.19 0.01 0.04 0.03 0.80 
Mitchell slicing, sulphide 
ore, average ground..| 0.43 0.03 0.15 0.61 0.03 0.01 0.66 
Cut-and-fill, Gilman 
method, sulphide ore, : 
OOM PrOUNd eae a 0.34} 0.04] 0.07) 0:01) 0.04} 0.01 0.51 
Cut-and-fill, old method, 
sulphide ore, good 
POUL Ces Mirena cry. at 0.32 | 0.04 | 0.04] 0.01 0.04 | 0.01 0.46 


4 Figured on the basis of the wet tons mined These costs obtained under normal conditions with a 
base wage of $4 per day for miners and $3.75 for muckers. All costs should be increased proportionately 
for present-day conditions. 

+ Oxide ore in place will average from 12 to 16 cu. ft. to the ton. 

¢ Sulphide ore will average from 9 to 10 cu. ft. to the ton. 

4 Table taken from article by P. D,. Wilson. 
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output per day was 4.77 tons and average days worked was 214. The 
total of consumer-owned companies was 226, operating 487 mines, and 
realization was $1.99 per ton; average per man output per day was 5.13 
tons and average days worked was 240. Total companies for the year 
were 4,612, operating 6,057 mines, and realization was $1.78 per ton; 
average tons per man output per day was 4.85 and the number of days 
work averaged 219. The foregoing applies to bituminous coal. In the 
same year there were 297 mines producing anthracite, average product 
price $5.85, average days worked 225 and net tons per man-day 2.16. 
In 1939 bituminous coal companies totaled 5,138, mines 5,820; average 
product price $1.85, operating days 178, production about 5 tons per 
man-day, while anthracite mines numbered 363, average product price 
$3.85, days operation 183, per man-day production 3.02 tons. In 1939 
there were 500 bituminous strip-pits in operation, average price $1.53 
per ton, days operation 197, per man-day production 14.04 tons. 
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CHAPTER XVI 


MINE ORGANIZATION AND OPERATION 


Organization.—Some mines grow piecemeal, starting on a small scale. 
The first proceeds are used to build a small mill. The development 
work is extended and more ore is discovered. Perhaps an air compressor 
and hoist are then added, and the nucleus of a mining plant is formed. 
The enlargement of the mill follows. Thus bit by bit the facilities for 
working are increased. The mine, known locally as a ‘‘good little mine,” 
begins to attract outside attention. The owners extend development, 
and the amount of ore discovered shows the deposit to be of importance. 
The owners may be content to work along in this manner, but in many 
cases they are tempted to sell out and let someone else bear the burden 
of large-scale working. If they are wise they bring their mine to the 
attention of some strong company or individual operator who makes a 
business of buying and operating mines. They employ an engineer to 
prepare a report and submit this to the representatives of the company. 
If it is favorably considered the company sends engineers to make an 
examination, and acting on their report they reject, buy outright, or 
secure a ‘‘working bond.’”’ The working bond gives the privilege of 
working the mine for a period of a year or more with the option of pur- 
chase for an agreed-upon sum at the end of the period. Usually one or 
more partial payments upon the purchase price must be made at the 
beginning and during the life of the bond. Vigorous development is 
the keynote of the initial operations of the company. They endeavor 
to prove the possibilities of the deposit as rapidly as possible. If they 
are successful a new company may be organized, the mine is equipped, and 
the production of ore is started. While some mines are operated by 
individuals a company organization is customary. 

Capital, both for the purchase of the property and for equipment and 
operation, is secured from the public or private sale of shares of stock 
in the company. 

Company Organization——A company organization includes the 
president, the board of directors, the secretary, the treasurer, the auditor, 
and the stockholders. The company is organized under a charter, 
which is granted by a state or other governmental authority. In prin- 
ciple the charter may be likeped to a constitution. It defines the nature 
of the business, the capitalization, and other general features. 
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The bylaws of the company specifically define the authority and 
duties of the company officers, prescribe the method of paying dividends, 
the disposal of stock, the amount of debt that may be incurred, the 
depositing of money in banks, and the manner of its withdrawal. They 
are so drawn as to leave nothing to personal discretion. 

The president is the chief executive authority. He is responsible 
directly to the board of directors and through them to the stockholders. 
He is the business head of the organization. The directors are the direct 
representatives of the stockholders. They serve as a check upon the 
president. Any proposed action must meet with their approval before it 
can be carried out. The secretary records the minutes of meetings, 
receives and transmits communications to the proper officials, and trans- 
fers stock. The treasurer is the custodian of the funds. The auditor 
checks the expenditure of all moneys and the accounts of the company. 

The stockholders are the investors in the company. It is their money 
that is used to purchase, develop, and operate the property. They 
elect the board of directors, adopt and change bylaws, and in some cases 
sanction the exchange of stock for property. A majority of the stock 
shares controls in elections and other business that may be submitted at a 
stockholders’ meeting. Stockholders’ meetings are usually called annually 
or when necessary by the president under the conditions named in the 
bylaws. Directors may meet monthly or when called by the president. 

The financial organization is upon either the assessment or the treas- 
ury-stock plan. In the former, when the company funds are exhausted, 
an assessment is levied and collected for each share of stock. In the 
latter, a part of the total number of shares is retained as treasury stock. 
This stock is sold as occasion for additional capital arises. 

In the distribution of the earnings the practice in well-managed com- 
panies is to accumulate a surplus, which is reserved for operation. All 
earnings in excess are distributed in monthly, quarterly, or semiannual 
dividends. The surplus, when the mine reaches a worked-out condition, 
is used either for further prospecting or for the purchase of a new Property, 
or it may be returned to the stockholders. 

The chief operating official is the general manager, sometimes ne 
the managing director, general superintendent, or superintendent. He 
is selected by the president and board of directors. Whether the mine 
is small or large the individual selected for the direct charge of the 
property must have technical knowledge and experience and must have 
shown ability to manage men. Personality and character are not over- 
looked. Good management is one of the first requisites toward the 
success of a mining enterprise, and a man who has a successful record 
inspires confidence in the minds of the stockholders and directors. Tact, 
a keen business sense, and balanced judgment are essential factors in the 
success of a manager. 
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The general manager selects his own staff of technical assistants. As 
the members of the staff are directly responsible to the manager, it is 
desirable that they owe their appointments to him. The staff of a large 
mine consists of a mining engineer, geologist, metallurgist, mine surveyor, 
assayer, mechanical and electrical engineer, accountant, and very often a 
physician. The members of the staff are directly in charge of the separate 
departments or divisions of the work. The accompanying chart illus- 
trates the complete organization (Fig. 301a). 


General Manager 


Mining 


Engineer Accountant 


Geologist 


Timekeeper 


Storekeeper 


Surveyor Physician 


Assayer 


Sampler 


Mine Foremen Mill Foreman Foreman Foreman Foreman Engineer Miscell, 
Timber Shop Blacksmith Machine Power Outside 
b-Fore 
Su remen Shift Bosses Shop Shop Plant Labor 
Shift Bosses silo ; | | 
Mill Labor re #3 Shop Shop Labor 
Labor Labor 


Miners 
Muckers 
Trammers 
Shaftmen 
Timbermen 
Trackmen 
Pipemen 
Pumpmen 
Powdermen 
etc, 


Fie. 301a.—Mine organization chart. 


In a small mine staff positions are often consolidated. The manager 
may assume direct charge of mining operations in addition to his mana- 
gerial duties. The shops may be under the general charge of a master 
mechanic. ‘The mine surveyor may in addition sample ore and record 
geology. The accountant may act as timekeeper and storekeeper. The 
assayer makes all of the assays and analyses for both mine and mill and 
may in addition be in charge of the ore-treatment plant. There are 
many examples of successful mine operation where the staff positions are 
few in number. 
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Principles of Management.—In the operation of a mine, labor, power, 
materials, and mechanical appliances are brought together to accomplish 
a specific end, the winning of ore or mineral, its treatment, and the 
marketing of the products. Profit is the dominating motive. Stock- 
holders put their money into an enterprise in order to make more money. 
The success of the business is measured by the dividends returned. In 
order to pay dividends the income must be greater than the outgo. 
Income is limited by the grade of the ore, the percentage extracted, 
and the selling price of the product. Outgo is controlled by good manage- 
ment. Good management means the close control of expenditures, 
efficient working, and the coordination of all the parts that go to make up 
the whole. A comprehensive plan, a well-designed plant, and the care- 
ful selection of staff men, foremen, and workers are essentials. 

The human element is the important directive feature of any business 
organization, and upon its proper control depends much of the success of 
the management. A supreme head is necessary, and this not only applies 
to the position of general manager but to each department head as well. 
Each department head is responsible to the general manager, but within 
the department he is the final authority. The same principle applies to 
the foreman or mine captain. He is given complete charge of the shift 
bosses and workers and often authority to engage and discharge. In 
large mining companies, the employment manager assumes the task 
of engaging and discharging men, removing this. responsibility from fore- 
men and mine captains. This plan has been found to be more equitable 
to the men employed and is preferable to the older method. In small 
operations, the superintendent may assume the role of employment 
manager with advantage to everyone employed. The latter power 
gives him control of the situation besides making him responsible for the 
selection of efficient men. The limitations of each directive and staff 
position should be clearly and definitely stated and should reasonably 
conform to the abilities of the men holding them. 

The burden of the administrative work should be equitably divided. 
EKach man should have sufficient to occupy his full time, but he should not 
be overloaded. Underloading is probably more objectionable than over- 
loading and a manager must be closely in contact with his men in order 
to make any necessary adjustment in the division of the work. 

Close application, good work, valuable suggestions, or extra service 
_ should be rewarded by promotion or a salary increase or at least by com- 
mendation where a more substantial recognition is impossible. Loyalty 
to an organization on the part of the individual arises from sympathetic 
understanding and a feeling that an advance in position or salary is some- 
thing more than a daydream. In well-managed organizations a definite 
succession of positions is established, and men are selected for advance- 
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ment on account of either long service or exceptional ability. The 
opportunities for promotion in small organizations are often few and 
far between, and under such conditions a manager can prevent his 
organization from getting stale by assisting the more ambitious men in 
securing positions of larger responsibility in other mines. Staff men fall 
into three types: Efficient ambitious workers who are seeking to advance 
themselves, contented efficient workers who may be termed the wheel 
horses of an organization, and the younger men who are securing experi- 
ence and are eager to be tried out. Men of the first type when they reach 
a dead end often become discontented, and sometimes discouraged and 
inefficient. Such men constitute a problem to the manager. 

A system of daily, weekly, and monthly reports, summarizing the 
activities of each division of the work, should be initiated. These reports 
should not be too voluminous but should be sufficient to keep the manager 
in touch with each department. Each department should have a system 
of supplementary reports that would serve a like purpose for the depart- 
ment head. 

A filing system in which correspondence, reports, contracts, plans, 
drawings, and specifications relating to the company’s operations are sys- 
tematically arranged is necessary. Such a file serves as a record of all 
operations and enables the manager to refer to any past detail without 
loss of time. In asimilar manner, though perhaps on a smaller scale, each 
department maintains a file that serves as a record of the detail of the 
department. 

The system of accounts should be carefully planned by the accountant 
and reviewed by the manager. The books of account serve as a record 
of all financial transactions. 

An inventory of company property and equipment is also maintained. 
Where changes in staff positions are made the individuals concerned 
become responsible for the proper checking of the department equipment. 
Inventories should be checked. at regular intervals. 

All operations should be analyzed and carefully studied with a view 
to simplification and the elimination of unnecessary steps. For this 
purpose sequence charts and time analyses are made and the results of 
changes are reviewed. The fact that time is required to bring operations 
into harmonious adjustment should not be overlooked in making changes. 
Too many radical changes may result in more or less confusion and in 
the end may defeat their purpose. Conservatism is not without its 
advantages. 

Improvements in methods of mining and ore treatment and in mechan- 
ical appliances should be noted and their possible application to the 
problem in hand given consideration. 

Comparisons should be made with the operations of like mines, and 
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their cost accounts and performance should be brought to the attention of 
the staff members. A broad policy would make it possible for the mana- 
ger as well as the staff members to visit other mining localities with the 
object of making detailed studies of similar operations. 

Interruptions to the regular operation of the mine and ore-treatment 
plant should be made as few as possible. Future changes and emergen- 
cies should be anticipated and provision made in ample time to prevent 
any serious delay in operations. A sufficient stock of supplies to provide 
for unusual delays in shipment should always be carried. 

Concentration of the work and of the workers both on the See 
and underground is an important principle, the application of which 
results in the reduction of the equipment underground, the simplification 
of the work of the foreman, and a reduction in costs. 

A follow-up system should be worked out to suit the peculiar require- 
ments of the mine. The purpose of this is to see that orders are promptly 
executed or that the reasons for delays and nonexecution of orders are 
given to the individual in charge of the division. This can be done by 
inspection, conferences, or written reports. 

Safe operation and the reduction of the risk element, which is always 
present, to its least dimensions should be a feature of the operations. 
Safety appliances and emergency apparatus should be liberally provided. 
New men should not be allowed to work in dangerous places, and workers 
should be encouraged to prevent accidents. 

Frequent conferences should take place between the manager and his 
staff asa whole and special features of the company’s operations should 
be thoroughly discussed. Safety and welfare committees should be 
appointed and encouraged to take up subjects of common interest to 
both staff and workers. 

Not without importance in the general scheme of management is the 
question of living quarters for staff and workers. In many mines this 
is not an important matter, but in others living quarters must be pro- 
vided out of the company funds. A liberal policy in providing adequate 
quarters and encouraging social and amusement features is Oe 
by increased efficiency and greater contentment. 

Duties of Staff Positions.—The mining engineer or the mine super- 
intendent, as he is more often called, is in immediate charge of all opera- 
tions concerned with the development and mining of the ore. The plan 
of development, the method of mining, ore handling and transport, the 
details of drilling and blasting, the division of mine labor, the timbering, 
drainage, and ventilation, and the underground prospecting are ‘subjects 
that he must collectively review and whose details he must decide upon. 
Chutes, stations, ore pockets, shaft timbers, headframes and ore bins 
must be designed and constructed. His immediate assistants are the 
foreman, underforemen, and shift bosses. 
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The mine surveyor measures the advance made in the development 
workings, usually each week, plots the extensions on the mine map, deter- 
mines the limits of the various stopes from time to time, makes volume 
and quantity estimates, computes the course and distance required for 
underground connections, and lays out and checks up the courses in the 
mine. In addition, transverse and longitudinal sections of stopes and 
ore bodies as well as stope maps are constructed and kept up as the deposit 
is developed and worked. Where required, surface surveys and topo- 
graphic maps are made. A mine model showing all the workings is not 
infrequently maintained and serves a useful purpose in establishing a 
clearer conception of the ore bodies and the related workings. Where 
buildings are to be constructed the lines and elevations are determined by 
the surveyor. A complete record of all survey notes and computations 
is kept. 

In large mines, or in a group of mines operated under one man- 
agement, the interpretation of the structure and direction of the under- 
ground prospecting is placed in charge of a geologist. It is his duty to 
direct the prospecting work where the extensions of a vein have been lost 
by faulting, to record the geological facts, and to determine the possibil- 
ities of unprospected portions of the property. In small mines a consult- 
ing geologist is sometimes engaged temporarily to study the possibilities 
of the mine and to advise upon the direction of new work. 

The sampler, who may work under the direction of the mining engineer, 
surveyor, or geologist, has the special duty of taking samples in develop- 
ment workings and stopes, recording the position of the samples, and 
delivering them to the assayer. The sample records are entered upon an 
assay map, which is usually kept up either by the mine surveyor or the 
head sampler. The assay map is the record of the position and value 
of the samples taken. Its principal use is to establish the limits of the 
stopes and to facilitate the computation of average values and tonnages. 

The assayer has charge of all of the determinative work upon mine 
and ore-treatment samples. . He reports to each department concerned 
and submits a general report to the manager as well. 

The metallurgical engineer is in direct charge of all ore-treatment 
operations. He is responsible for the securing of the maximum extrac- 
tion and for the details of treatment. The sampling of products and the 
testing of the chemicals and supplies used are done under his direction. 

The mechanical and electrical engineer is in charge of the mechanical 
plant and repair work upon all of the mechanical appliances used.. He 
is responsible for the maintenance of mechanical efficiency. He must 
initiate an aggressive policy of thorough and regular inspection, followed 
‘up by the execution of repairs as their need is discovered. Unforeseen 
accidents are prevented by having machinery and appliances in good 
condition. Certain limits of wear must be established and replacements 
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made when these are reached. The stock of repair parts required for the 
different machines in use must be maintained in order to minimize delays. 
He should as far as possible standardize both machines and spare parts. 

The accountant is charged with the maintenance of the accounting 
system. Bills and invoices are received and checked either by the several + 
departments or by the storekeeper. Pay rolls are made up and checks 
filled out. Monthly reports of outgo and performance and cost sheets 
of different operations are made. Daily cost reports may be required. 
The apportioning of general costs of operation is made between the 
different departments. 

The timekeeper is responsible for checking the workers as they 
report for work and when they leave at the end of the shift. The fore- 
“men and shift bosses independently report. the number of men at work in 
each department. Miscellaneous workers about the surface place are 
checked by the timekeeper. 

The storekeeper is responsible for the receipt, storage, and issuance 
of supplies.1 Supplies are issued on a requisition signed by the foreman 
or department head. A card record of the stock on hand and its position 
in the storehouse is maintained. When a supply reaches a certain 
minimum an order for replenishment is made. At regular intervals the 
card record is checked by an inventory. Invoices are checked as to 
both quantity and price. By means of distinctive requisition blanks the 
storekeeper can charge individual departments with the supplies used. 
A debit and credit account should be maintained, each department 
being charged with the supplies issued and credited with those returned. 
Supplies are sometimes sold to other mining companies or to miners 
and prospectors, and transactions of this nature are reported in the 
monthly statements. 

A physician is retained by many companies to provide medical atten- 
tion for the men in case of accident or sickness. Usually the employees 
pay a small monthly fee for this service. The physician should be put 
in charge of all sanitary arrangements about the mine and should have 
general charge of the health of the men. His advice should be sought 
in coping with unusual underground conditions affecting the health of 
the workers. The training of first-aid squads is a part of his routine 
work. 

Duties of Foreman.—All underground labor is engaged by the mine 
foreman or the mine captain, as he is sometimes called. It is his duty to 


The stock of supplies carried by a mining company will vary between wide limits 
and will depend upon the liberality of the management, the transportation facilities, 
the kind of mining, and local conditions. As an example one large gold-mining com- 
pany maintains a stock of mine supplies equivalent in value to $0.30 per ton of annual 
output and a stock of mill supplies equal to about the same figure. 
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select and assign the men to the different tasks and to see that the work 
is properly performed. He must have certain reasonable standards of 
the amount of work that can be done under the given conditions. The 
ratio of output or performance to hours of labor expended is his measure 
of the efficiency of a worker. Where labor is abundant he can weed out 
the inefficient and incompetent and in time build up an efficient and 
satisfactory working crew. He must have executive ability of a certain 
kind and understand human nature. He must be thoroughly familiar 
with the ordinary run of mining work. There is no one who can more 
quickly spot an incompetent foreman than the skilled miner. As the 
success of the underground work rests largely upon the foreman, particu- 
lar care should be taken in his selection. A wide-awake, practical, and 
experienced man is needed for the position. The foreman selects his own 
shift bosses, who are responsible to him. The foreman usually assumes 
charge of one shift, while the shift bosses are in charge of the others. 
Both the foreman and shift bosses make at least one round of all the 
working places during the shift. They check the men at work in the 
various places, note the nature of the work being done, give specific 
directions to the workers, sample, and observe any changes in formations. 
Their report is submitted to the manager each day and keeps him in 
touch with the underground situation. A timekeeper usually checks 
the workers as they go ‘‘on shift.”” The timekeeper’s report is checked 
by the foreman’s report. At regular intervals the mine superintendent 
accompanies the foreman on his rounds and thus comes more closely 
in touch with the operations. The successful foreman must use tact 
rather than force and must be quick to recognize either merit or soldiering. 
He should stimulate rivalry between the different working crews. Above 
all, he should be fair and impartial. 

In a large mine, in addition to the foreman and shift bosses, different 
groups of workers are placed in charge of bosses. These men may have 
charge of tramming, mucking, track and pipe laying, timbering, shaft 
work, etc. They receive a somewhat higher wage than the workers and 
are responsible for the carrying out of the orders of the shift boss. They 
work with the men. 

The shop foremen are responsible for the rapid and economical exe- 
cution of all repair work. They lay out the work and inspect the finished 
product. As a rule they work in the shops with their men. Skilled 
workmen of more or less executive capacity are selected for shop foremen. 

Labor.-—One or two shifts of 8 to 10 hr. duration is the usual division 
of the day. The 8-hr. shift is almost universal in mining districts. 
Contract work, an important feature, is also based upon the 8-hr. shift. 
In some localities miners are lowered into the mine on their own time 
and the meal hour is not included, while in others the men are lowered on 
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company time and the shift includes the half hour allowed for eating. 
The actual number of hours of work ranges from 7 to 8. To make a 
short shift effective good organization is essential and no time can be 
lost. In shaft sinking and adit work three 8-hr. shifts are customary. 

The working force is divided into surface and underground men. 
Specific tasks are assigned to each worker. The particular designation 
of the workers depends upon the mining practice and the locality. In 
metal mining underground workers are designated as miners, shaftmen, 
shovelers (muckers), trammers, chutemen, trackmen, pipemen, pump- 
men, station tenders, motormen, electricians, etc. Surface men are 
designated as cage riders, landers, trammers, carpenters, timber framers, 
blacksmiths, blacksmith’s helpers, tool sharpeners, ore pickers, engi- 
neers, firemen, etc. In a coal mine the designations are miners, rock 
miners, timbermen, bratticemen, shot lighters, tracklayers, motormen, 
motormen’s helpers, switchmen, drivers, door boys, rope riders, pushers, 
cagers, grippers, couplers, etc. Outside men are tipple dumpers, slate 
pickers, breaker-screen men, boxcar loaders, tally boys, teamsters, black- 

~smiths, blacksmith’s helpers, engineers, mechanics, couplers, oilers, car 
repairers, timber framers, timber sawyers, etc. Sufficient has been given 
to indicate the subdivision of the work. The selection and apportioning 
of the workers is the duty of the foreman and his assistants. It is evident 
that the synchronizing of the work and the balancing of the number of 
workmen is a task of no mean magnitude. The working crew at the start 
of operations is usually small, and the attainment of maximum capacity 
requires time, sometimes a year or more. There is thus a sufficient 
interval for the gradual growth of the working organization and its 
adjustment to the peculiar conditions of a given mine. 

Conditions are so varied at different mining properties that it is 
difficult to obtain comparative data on the number of workmen employed 
and their respective grouping. A few examples will serve to give some 
ideas about the subject. At the Hollinger group of mines during 1930 
the total number employed was 2,263 for an output of 1,625,863 tons; of 
these 1,572 were designated as miners, divided into 35 on exploration, 
345 on development, and 1,192 on production; 264 mechanics, divided 
into 102 on operation and 162 on maintenance; 427 general, divided into 
187 in mill and refinery, 61 engineering staff, 39 clerical staff, and 140 
miscellaneous. Work was distributed over some 29 levels and a number 
of separate veins were worked. Annual tons per man was 718. 

At the Alaska Juneau mine an average of 620 men were employed 
during 1930 at a total over-all cost of $9.73 per man per day; production 
was 3,924,460 tons. Annual tons per man was 6,329. The Miami Copper 
Company employed about 875 men in its mining department and pro- 
duced over 6,000,000 tons of ore, giving an approximate annual tonnage 
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per man of 7,000 tons. This applies only to mine labor. The Bawdwin 
mine of the Burma Corporation produced 462,184 tons in 1930-31, the 
total number of mine shifts being 1,535,716 for the year, the average per 
day 4,387, and the annual tons per man 105. At the Bisbee mines of 
the Calumet and Arizona Mining Company the 1930 production was 
427,436 tons; the total number of men 728 on part time and the annual 
tons per man approximately 587. Childs and Easton state that at the 
Bunker Hill and Sullivan mine (Idaho) 1,175,960 man-hours were required 
for a production of 421,532 tons, or some 0.358 ton per man-hour; 948,000 
man-hours being required underground and 227,960 man-hours upon the 
surface, a division of 80.6 and 19.4 per cent, respectively. The annual 
tons per man was 937. 

In presenting data on mine operating conditions in the Pocohontas 
coal field, Edward O’Toole gives the division of labor in percentages of 
total day labor as follows: Inside labor 42.70; underground transporta- 
tion 21.14, and outside labor 36.16 per cent; underground labor was 63.84 
per cent of the total. Labor efficiency is expressed as follows in tons 
per man-hour: miners in headings, including machine runners, 2.115; 
miners in rooms and at pillars, including machine runners, 1.87; miners 
on rock work 2.5; all miners 1.91; all underground day labor 1.85; men 
on transportation 5.57; all surface labor, excepting office force, 3.38; and 
for the total organization, excluding general office and engineers, 0.728. 

Day’s pay, day’s pay on a sliding scale, day’s pay and bonus for 
exceeding an agreed-upon minimum, and payment on the basis of a 
contract are the methods of compensation. In certain mining localities 
the day’s pay system rules. Either a flat rate for all underground 
workers and a similar rate for surface workers or a wage scale differing for 
each class of employment is established. The wage scale is perhaps more 
satisfactory, as it discriminates between the different classes of work, and 
jobs requiring greater skill or more arduous work receive a higher wage. 
Skilled shop labor and engineers usually receive a higher wage than 
miners. ' 

Day’s pay on a sliding scale is in use in the copper mines of Arizona 
and Montana. A minimum rate is established and when the price of 
copper exceeds 15 cents per pound the rate is increased for each increase 
in the price of copper. In principle this method of compensation is an 
adaptation of the principle of profit sharing. 

The bonus system of compensation has as its principal purpose an 
increase in the rate of working. Unit costs are reduced as well, and in 
tunnel work the cost per foot for labor is reduced from 15 to 50 percent. 
A minimum wage and a minimum footage per day are established. Any 
increase in the footage above the minimum earns a bonus. The bonus 
is usually figured as one-half of the labor cost saved on the increase of 


636 ELEMENTS OF MINING 


footage. Adit, tunnel, drifting, raising, crosscutting, and shaft-sinking 
work can be done in many instances more economically by this system 
than by day’s pay. 

Contract work is a feature of most coal mining, and in many metal 
mines it is used in conjunction with the day’s-pay system. ‘The tribute 
or lease system is perhaps one of the earliest forms of contract working. 
Under this system the miner extracted ore and received payment by a 
royalty, consisting of a fixed percentage of the value of the ore. The 
mining company would often supply timbers, powder, power, and tram- 
mining equipment. Under other conditions the mining company would 
simply lease the block of ground on a royalty basis. The tribute and 
leasing system is more or less used at the present time. It is common 
practice in many metal mines to contract drifting, crosscutting, and rais- 
ing at so much per foot. Tramming and stoping are sometimes con- 
tracted for on a tonnage basis. Contract work has the advantage of 
greater economy, higher rates of working, and the automatic elimination 
of unskillful workers. On the other hand, skilled workers can earn a 
greater return than under the day’s-pay system. It is probably the 
most satisfactory form of compensation. The determination of contract 
rates is based on a thorough analysis of rates of working and labor costs 
under the day’s-pay system. While practice varies in the details of the 
application of the system it is advisable to have tools, powder, and 
blasting supplies charged against the contractors, while timber and 
power are supplied without charge. This arrangement results in greater 
economy in the use of tools and supplies. 

A discussion of the so-called labor question would be out of place in a 
treatise of this kind, yet it is a vital question to the mine manager and 
must be reckoned with on the cost sheets. When the management has 
ensured equitable treatment of the workers, made underground opera- 
tions as safe as the conditions will permit, provided change quarters and 
reasonable accommodations for living and eating where such are required, 
safeguarded the general health of the workers by proper hygienic precau- 
tions, and established a club with accompanying amusement features, it 
has done as much as can be expected. 

Efficiency.—Mechanical efficiency is the ratio of work output to 
work input. Many mechanical appliances are used in mining opera- 
tions. It is evident that without proper control of the efficiency of the 
individual machines, power will be wasted and the aggregate waste may 
be a large and an important item of cost. Mechanical appliances should 
be selected with special regard to their efficiency as well as to their appli- 
cability to the particular work. After installation they should be tested 
at frequent intervals and necessary repairs and adjustments made as 
required. Lack of efficiency in a particular machine may be due to 
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improper or irregular lubrication, wear, or want of adjustment. These 
three factors receive the attention of the mechanical engineer, and his 
task is never finished while the plant is in operation. Steam lines, com- 
pressed-air lines, and electric power cables must be inspected for leakage 
and kept in repair. Electric apparatus must be protected from over- 
loads and fuses and circuit breakers kept in repair. Workers must be 
instructed in the proper use and care of mechanical appliances. The 
objective is the prevention of waste, the maintenance of efficiency, and 
protection from careless operation. 

Labor efficiency is measured in terms of output per hour or per shift. 
A reasonable rate of working should be expected, and work standards 
should be determined by careful observation for all classes of work. 
Comparisons should be made from time to time and under varying con- 
ditions. ‘The final measure of labor efficiency appears upon the cost 
sheet in terms of the labor-unit cost for each division of the work. From 
the viewpoint of the individual worker, efficiency is attained by the least 
physical exertion required to accomplish a given task. The most efficient 
workers are those who accomplish a particular work standard with the 
least consumption of vital energy. 

Staff efficiency signifies the careful planning of the details of each 
division of the work to the end that a minimum of time, of labor, and of 
cost is required for execution. The general influence of a well-organized 
staff is manifest by the maintenance of costs at a comparatively stable 
figure or decreasing cost from year to year where the conditions are 
normal. R 

The efficiency of the management as a whole is determined by the 
results obtained. The attainment of a maximum output per worker 
employed, the reduction of unit costs to a minimum, the securing of a 
maximum profit, the elimination of accidents as far as the conditions 
permit, and the stabilizing and coordination of separate operations are 
the more important objectives, the accomplishment of which determines 
the efficiency of the management. 

Labor Output.—Labor outputs vary between wide limits not only 
with respect to different kinds of mining but for different mines of the 
same type. They will differ in a single mine not only with respect to 
the position of the working in the mine but also in respect to time. 
Table 123 gives a number of examples of average tons per shift output. 
References in the bibliography will give additional information. Table 
124 gives distribution of labor above ground and underground and average 
output per man per day for some of the principal coal-mining states. 

Labor Report Forms.—Report forms for the different divisions of 
the work, which must be filled out either by the individual worker or by 
the boss in charge of the gang on the completion of the shift, are in general 
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use and serve to give a detailed record of performance. From them the 
labor standards can be figured. They make the work of the foreman 
and shift bosses more definite and also serve to keep the superintendent 
and manager in close touch with operations. Practice varies as to the 
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« Information Circulars U.S. Bur. Mines, where not mentioned proportion of surface labor charge- 
able to direct mining is evidently included. 
extent to which such reports are used. It is obvious that an individual 
report from each worker would entail a large amount of clerical labor in 
systematizing and summarizing, and in order to reduce this to a minimum 
the number of reports is made as small as possible consistent with securing 
the necessary information. Several examples of report forms in use are 
given in Fig. 302. A summary report for the underground labor distribu- 
tion per shift is also given in Fig. 303. 
Miscellaneous Reports.—Report forms are used for the different 
shops. Usually these segregate the kind of work and the number of men 
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on each task. Figure 304 is a report form used for workers employed 
in the operation and repair of the mechanical equipment. 


Tas_e 124.—Bituminous Coal Production in 1938 (Minerals Yearbook) 
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Nore.—Minimum price areas as defined by Bituminous Coal Act of 1937 include 
principal producing districts as follows: 1. Pennsylvania, Northern West Virginia, 
Ohio, Michigan; 2. Western Kentucky, Illinois, Indiana, Iowa; 3. Southeastern; 
4. Arkansas and Oklahoma; 5. Southwestern; 6. Colorado and New Mexico; 7. 
Wyoming and Utah; 8. North & South Dakota; 9. Montana; 10. Washington, 
Oregon, Alaska. 


Surface Plant.—Upon the general design and arrangement of the 
surface plant depend the convenience and efficiency of the service 
rendered. The surface plant provides for power generation, tool sharpen- 
ing, blacksmith work, repair work, timber framing, storage of supplies, 
fuel, and ore, ore and waste handling, change quarters for the workers, 
and office accommodations for the staff and foremen. In addition, ore 
sorting, crushing, picking, and treatment may be required. The plant 
usually consists of a number of separate buildings, each of which houses 
one or more units. 

Power is used for hoisting, pumping, drilling, ventilation, the opera- 
tion of the machinery in the shops, illumination, and the operation of 
the ore-treatment machinery. In some instances steam power is used 
throughout the surface plant; but for most plants it is more economical to 
use steam power for hoisting and the generation of electric power, which 
is distributed throughout the plant and underground by means of power 
cables. Electric motors are used wherever power is required except for 
hoisting service. For drilling, the compressed air is furnished by a steam- 
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| driven compressor and distributed underground by a system of pipes. 
Small air-compressor units are compound steam and double-stage air. 

Usually compressors of the straight-line type are used. For maximum 
| economy they should be operated with condensers. Large compressors 
| are triple-expansion steam and three-stage air and are always used with 
| condensers. Small electric-driven air compressors are two-stage com- 
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Fig. 303.—Shift report form. 


pressors driven by a silent-chain drive, the motor and compressor being 
mounted on a common bedplate. Large compressors are of the two- 
stage type and are driven by belt or are direct-connected. Compressor 
capacity is figured from the number of drills in normal operation at one 
time, due allowance being made for altitude. The ratings of compressors 
and drills and altitude factors are given gn manufacturers’ catalogues. 
Air receivers are placed on the surface outside of the compressor house. 
Where power is furnished from a central plant or by a hydroelectric 
plant the hoist, compressor, and entire mechanical plant are driven by 
electric motors. The ease of transmitting and distributing electric power 
- makes it especially suitable for mine service. Steam is sometimes used 
for pumping, but modern installations favor the use of electric power. 
Power requirements for different kinds of mining are given in Table 125. 
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The selection of power agent, whether water, coal, wood, fuel oil, 
gasoline, natural gas, or producer gas, depends upon availability and costs. 
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If fuel and suitable boiler water are available, then steam- and turbine- 
driven electric generators are employed and electric power is distributed 
where needed. Many large mining plants are thus equipped. If fuel 
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) is costly and boiler water unsuitable, diesel engines employing fuel oil 
/ are installed, electric power being generated and distributed. Mines in 
| the Southwest and in more or less isolated districts have adopted diesel- 
engine units as the principal source of power. In some cases where there 
| is a local wood supply, producer-gas generators, gas engines, and electric 
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@ Information Circulars, U.S. Bur. Mines. 

> Motor haulage. 

¢ Timber framing. 

4 Includes motor haulage. 

¢ Ventilation and lighting. 

‘ Haulage and tramming. Miscellaneous uses included in total. 


generators are used. In small mines, where power is required during 
prospecting and exploration, gasoline engines and small diesels with 
electric generators have been found to be convenient and as economical 
as the conditions permit. In a number of such cases the portable type 
of gasoline-driven compressor and gasoline hoist serve for shaft explora- 
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tion satisfactorily. For adit exploration the portable gasoline-engined 
compressor and a gasoline engine for the operation of a ventilating fan 
meet the situation. Many Western mining districts are served by trans- 
mission lines distributing power from hydroelectric plants, and where 
this is the case electric motors are used for the operation of air com- 
pressors, hoists, pumps, ventilating fans, and shop machinery. Such 
power costs are usually lower than those for which power can be generated 
in small plants. Large copper mines, where smelting is a feature of ore 
treatment, make use of waste-heat boilers and turbine generators for 
part or all of their power as in the case of the Magma and United Verde 
mines in Arizona. Coal mines either purchase power from central power 


plants or generate their own electric power in steam power plants and | 


distribute it to motors placed where convenient. Electrical power is 


now used for almost all mine purposes both on the surface and under- | 


ground in large enterprises. Rock drills and some mechanical loaders | 
alone require supplementary power in the form of compressed air. Air | 


compressors are driven by electric motors. 
Tool sharpening in a hard-rock mine is an important feature, and 


a suitable equipment of power tools is essential. Hand drills, machine | 


steel, bars, picks, and moils are the usual run of tools requiring sharpening. 


They are distributed to the working places by the miners or tool packers — 


and are gathered and sent to the shop at the end of the shift. Oil forges, 
power sharpeners, power hammers, and cooling tubs are the usual features 
of the equipment. Specialized tools for sharpening, hardening, and 
re-forming of detachable bits are included. 

Blacksmith work for repair and new work is required to a greater or 
less extent about almost all mines. Tool sharpeners when not occupied 
upon the sharpening work turn their attention to the repair work. Cages, 
skips, cars, track, switches, and chutes are the principal features requiring 
the attention of the blacksmith. The tool equipment consists of forges, 
anvils, power hammers, punches, plate cutters, and small tools. 

Repairs requiring machine tools and machinists are necessary upon 
machine drills, pumps, cars, electric locomotives, motors, ventilating 
fans, steam engines, etc. The tool equipment of the machine shop com- 
prises a heavy engine lathe, a light lathe, a radial drill press, pipe threader, 
bolt threader, power hack saw, emery wheel, bench tools, and sometimes 
a slotter or milling machine. Provision is made for the repair of electrical 
machinery. The size of the mine and the number of mechanical appli- 
ances determine the importance of and the extent to which the machine 
shop is equipped. The principal advantage of a well-equipped machine 
shop is in the saving of time in making repairs. It is often more econom- 
ical to make repairs at a mine than to send to large centers for repair parts. 
For standard machines it is, however, usually more economical to pur- 
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) chase repair parts. At very large mines a foundry is often maintained 
» as an adjunct to the machine shop. 

The timber-framing shop is of importance where timber is used for 
| support. The usual equipment is a swing saw for end cutting, a power 
| Saw for wedges and small work and, where the square-set system is used, 
| atimber-framing machine. In some mines sawmill equipment is included 
; and logs are squared and cut into boards and timbers. Where timber 
is treated with preservatives a treatment plant is added. 

Storage for supplies, timber, fuel, and ore is required. Timber is 
stored in open yards, miscellaneous supplies in storehouses, powder and 
accessory explosive material in separate magazines, heavy supplies in 
racks, and ore in bins or in yards near the shaft. 

Change quarters for the workers are provided by most progressive 
mines. The usual equipment consists of individual lockers, shower 
baths, and washbasins. 

Office facilities for foremen, shift bosses, and timekeeper are usually 
placed close to the shaft, while a separate building is provided for the 
engineers. The foreman’s office is equipped with a counter, desk, lockers 
and shelves, change room, and shower. The engineers’ office building is 
divided; a separate room equipped with counters, desks, files, and lockers 
is placed at the disposal of the accountant and his clerical force, and 
another, equipped with drafting tables, desks, lockers, etc., is placed 
at the disposal of the surveyor and mining engineer. In addition a 
change room provided with lockers and showers, a blueprint room 
equipped with printing frames and a darkroom, and a fireproof vault for 
the safekeeping of books, records, and maps are often added. Where the 
manager maintains his office at the mine, additional rooms are provided 
for in the staff office building. The assaying laboratory is placed in a 
separate building. 

Ore-picking and crushing equipment are placed in close proximity to 
the mine outlet. The ore-treatment plant may be close to the mine 
outlet or at a distance, depending upon the proximity of a suitable site. 
Careful consideration in the selection of mine and ore-treatment plant 
sites is given to access to the mine shaft and to the main line of communi- 
cation, road or railroad, as well as to the presence of dumping space of 
sufficient area and slope for waste and tailing dumps. The individual 
buildings are constructed of wood, timber frame and corrugated gal- 
vanized iron covering, steel frame and corrugated iron covering, steel 
frame and concrete, or reinforced concrete. The permanency of the 
plant and the capital available determine the type of building. Where 
the life of the mine justifies it, fireproof construction is highly desirable, 
and in all cases a minimum of inflammable material should be used. The 
shaft should never be covered by a building except one of fireproof 
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construction. The timber frame with galvanized-iron covering is 
largely used and satisfies the requirement of a minimum of combustible 
material. 

The various buildings should be grouped about the mine opening 
compactly and in such a manner as to admit of convenient access to the 
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mine outlet. Figure 305 represents a flow sheet, which shows the essen- 
tial features in the movement of supplies, tools, repairs, ore, and waste. 
The preparation of such a flow sheet is & necessary preliminary to the 
design of the surface plant in a particular case. The individual sites of 
the buildings will be more or less controlled by the topography in the 
vicinity of the mine outlet. The space allowances between the buildings 
are determined by the fire limits established and range from 30 to 50 
ft. Figure 306 shows a design suitable for a flat site. Where the building 
construction is not fireproof, separate buildings as shown in the figure 
and ample fire protection are advisable, but where fireproof construction 
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is used the units may be concentrated in fewer buildings and the cost of 
construction thereby reduced. 


Each unit of the plant should be separately studied by analyzing the 
routine steps in the handling of the materials. The mechanical appli- 
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Fria. 306.—Plan of mine surface plant. 
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ances should then be grouped so as to provide for the movement of the 
material through the sequential operations required. The delivery of 
the supplies required and the final delivery of the finished product to 
its destination should be provided for. The lines of the building can 
then be determined. Lighting, water supply, sewerage, heating, and 
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fire protection should be separately considered for each building. In 
Fig. 307 the plan of a tool-sharpening and blacksmith shop is illustrated. 
The routine of sharpening, in sequence, is as follows: Delivery of drills 
from shaft, sorting into different lengths, heating to a forging temperature, 
forging by machine sharpener, placing in rack, heating for hardening, 
quenching in water, placing in finished rack, and delivery to mine in 
assorted sizes. Supplementary steps not required on all drills are shank 
forming and the welding of new steel to old shank ends. *The arrows in 
the illustration indicate the sequence of the routine and supplementary 
steps. Where the use of detachable bits predominates, both equip- 
ment and routine are different from that which prevails where solid 
steel is in use. 

Underground Plant.—Many details of the underground equipment 
have been given in preceding chapters and require no repetition. All 
underground work is analyzed and standardized as far as practicable, and 
appliances and equipment are selected in accordance with the standards 
established. Certain features of the underground plant have not been 
discussed and will here be considered. 

The compressed-air pipe system consists of a main supply pipe in 
the shaft. A 4-, 6-, or 8-in. pipe, depending on the number of drills in 
operation, is placed in the pipe compartment of the shaft. At each level 
a branch connection and valve are placed. This may be a 2-, 2.5-, or 
3-in. pipe. At the station a small valve is tapped into the branch air 
pipe for emergency use. In some mines it is the practice to install an 
air receiver at each station. The branch pipe is extended along the 
level and a tee is placed at each raise. Unions are also placed at regular 
intervals so as to permit of disconnecting the pipe. At the raises 1- or 
1.5-in. pipes are connected. On exceptionally long pipe runs receivers 
are installed at an intermediate point. 

In some mines electrically driven air compressors are installed under- 
ground with the object of avoiding long pipe runs. Under such con- 
ditions air losses are reduced to a minimum and greater economy results. 

Electrical power cables, lead-incased and armored, are used in the 
shaft. Alternating current of a maximum voltage of from 2,000 to 2,200 
is frequently transmitted underground and presents no practical diffi- 
culties. Transformers are placed at the station or close to the motors. 
They should preferably be placed in a fireproof chamber. The voltage 
used in the distribution may be 220, 440, or 500, and well-insulated distrib- 
uting leads are essential. Where direct current is required it may be 
generated at the surface and conducted underground by heavy insu- 
lated leads, or an underground motor-generator set, using alternating 
current, may be used as a source of supply. The voltage supplied is 
usually 259. 
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At one time large mines established drill-sharpening stations under- 
ground so as to minimize the time and labor required to handle the 
relatively large amount of drill steel to and from the working faces. The 
detachable drill bit has made such stations unnecessary. Underground 
drill-sharpening shops have disappeared, and all sharpening work is now 
done in surface shops. Drill repairs are likewise made in a drill-repair 
shop on the surface. 

Water is supplied for drinking and for drilling by an underground 
pipe system or by distributing it in barrels to the different levels. A 
proper sanitary arrangement should be installed for the drinking-water 
supply. 

Water closets are installed at each level, and for this purpose closed 
cars or abandoned workings are utilized. Such devices and _ places 
should be regularly inspected and kept in a clean condition. 

Telephones should be installed at the more important working places 
on each level as well as at the shaft stations. Such equipment applies 
more particularly to large mines. 

Fire protection in timbered mines is an important feature. Either a 
water system is installed and hose reels are placed at critical points, or 
hand fire extinguishers are placed at stations and in heavily timbered 
stopes. Fire inspection is a necessary adjunct in mines of this kind. 

Each level should be marked with suitable signs indicating the direc- 
tion to safety outlets and ladderways. Fire doors should be placed at 
suitable points on each level to aid in the control of a possible fire. At 
each station there should be placed a bulletin board for recording mis- 
fires or other dangerous conditions in the workings. A first-aid kit 
should be placed at each station. Ladderways and exits should be regu- 
larly inspected and kept in good repair. Refuge chambers, each provided 
with a steel door and a gas- and fireproof stopping, with relief valves 
at the top of the chamber operated from within the chamber, and an 
independent compressed-air supply as well as a water supply, are an 
additional safeguard underground. 

Control of Mining.—An accurate map of all the mine workings is 
maintained. The mine surveyor has this specific duty. He measures 
all new development work, shafts, drifts, crosscuts, raises, and winzes 
once each week and makes the necessary additions to the mine maps. 
Once each month the stopes are cross-sectioned and the advance is deter- 
mined. Charges in the formations are noted. All working places, 
chutes, etc., are numbered so that accurate records of the work done in 
the mine can be made. The number of cars of ore drawn from each 
chute is recorded on a tally board and reported each shift. The cars 
of waste delivered to each stope are also recorded. An assay map 
showing the location of the samples is kept up. Samples of stope faces, 
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drifts, etc., are taken at frequent intervals and the results entered on 
the assay map. Stoping limits are established either by the walls of the 
vein or, where these are indefinite, by samples taken from drill holes. 
As ore bodies are developed tonnages and average values are computed. 
An ore account is maintained, of which the items at the end of any given 
time period are: 

Ore reserves in tons at beginning of period. 

Ore reserves in tons added by new development during period. 

Ore mined during period. 

Net ore reserves at the end of the period. 

In a coal mine and in many iron mines the mine may start upon its 
career with a known tonnage, and the possibilities of increasing the ton- 
nage may be remote. The mining problem is one of keeping the costs 
down and the grade of the ore up. Ina precious-metal mine the quantity 
and value factors are uncertain and as a consequence additional tonnage 
must be constantly sought. Frequent samples must be taken in order 
to prevent unprofitable material from going to the treatment plant. The 
ore sent to the treatment plant must be maintained as nearly as possible 
at a uniform grade. This is done by varying the quantity of ore taken 
from the different stopes. The prospecting problem is just as important 
as any feature of the mining operations. Intensive studies of the geology 
and nature of the deposits are made with the object of getting suggestions 
for new work. Mine models are made, and these are consistently studied 
in order that a better understanding of the deposit can be obtained. New 
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ground is tested out by diamond drilling or crosscutting. The manager, 
mine superintendent, geologist, surveyor, and foreman confer on the 
possibilities of working in certain directions. 

Footage and tonnage estimates are prepared in advance of operation 
and serve the purpose of synchronizing development and stoping. Such 
estimates are made either upon charts or in the form of tables. A foot- 
age-estimate table is shown on page 650. 

The features in the control of open-pit mining as exemplified by the 
practice upon the Mesabi Range are as follows: The construction of cross 
sections of the ore body from informations obtained from drill holes and 
underground workings; the construction of an accurate topographical map 
established upon a coordinate system, the unit of which is a 20-ft. square; 
monthly cross sections of the stripping pit at 40-ft. intervals and the 
computation of the yardage excavated from the cross sections; cross- 
sectioning of the stripping pit at the end of each 6 months’ interval and 
the determination of the final estimate of yardage for the period; an 
annual cross sectioning of the ore pit at 40-ft. intervals and the computa- 
tion of the ore excavated. The railroad car weights give the ore produc- 
tion for any time period. The grade and class of ore are determined from 
its position upon the cross sections of the deposit that show the varia- 
tion in the per cent of iron and phosphorus. The grade of ore shipped 
is checked by car samples. 

A tonnage estimate for stoping is given in the table on page 652. 

The control work in an underground Mesabi mine involves the follow- 
ing procedure. 


1. All workings, development, and ore mining are measured up twice a month and 
the underground maps brought up to date. 

2. The tonnage supplied by contractors is estimated by the number of cars, and 
payment is made at a given rate per mine car. Where a single contract loads into a 
chute, the trammer boss reports the number of main haulage cars loaded from the 
chute. Where several contracts use a chute in common a chip boy is stationed at 
the chute and receives from each contract a brass check for each car dumped. The 
brass check is numbered with the contract number. The chip boy reports the 
number of cars from each contract at the end of the shift. As a check the trammer 
boss reports the number of cars drawn from the chute on the main haulage level. 

3. The mine tonnage is checked by determining the average weight of a skip load 
(railroad weight tonnage divided by the number of skips hoisted) and the number of 
skips hoisted. _ The average skip load is reduced about 15 per cent for winter hoisting 
on account of the freezing of a layer of ore on the sides and bottom of the skip. 

4, The grade and class of ore mined are determined from the position of the work- 
ing and the cross sections of the ore body that show the grade and class of ore through- 
out the deposit. Drifts are sampled every 25 ft. and raises every 5 ft. and the results 
of the analyses recorded on the cross sections of the ore body. 


In coal mining the mining control consists in the making of semi- 
annual surveys of the workings and monthly surveys in which room and 
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gangway centers are established. These surveys are concerned with 
the first mining or the driving of entries and rooms. The second mining 
requires the maintenance of a pillar map, on which each rib or pillar is 
numbered and the monthly progress of robbing isshown. Where filling is 
used the progress of filling is checked up each month and shown upon 
the map, for which purpose a separate map may be required. The yard- 
age driven by the miners on contract is measured once each month. 
Where portions of the coal area are worked on royalty the area and ton- 
nage are determined on the monthly or semiannual surveys. On small 
areas the foreman makes the returns, and these are checked by the engi- 
neers. Tonnage estimates of room, entry, and pillar coal, net coal remain- 
ing, and coal produced for a given time period are made. The estimate 
is made by planimeter measurement upon the map and measurements 
of the thickness of the coal seam. The output of the individual miners 
or groups of contractors is determined by weighing the cars as they are 
delivered to the tipple. Each car is numbered by means of a brass check, 


Stope or block number No. No. No. No. 


Estimated tonnage 


Estimated average value 


Total value 


Number of units breaking 


Number of shifts required to mine 


Cost of breaking 


Number of chutes required 


Cost of chutes 


Estimated waste for filling 


Estimated timber and waste cost 


Cars per shift output 


Average tramming distance 


Tons output per shift 


Value output per shift 


Estimated cost per ton 


Date started 


Date finished 


Mining method 
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on which the number of the miner or contract is marked. Credit’ is 
given each number for the weight of coal in the car. The-.miners fre- 
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Fic. 309.—Monthly production and cost sheet. 


quently employ a ag aay to secure 
accuracy. 

Monthly Mining Estimates hag Cost 
Sheets.—Summaries of the development 
footages, ore. production, waste handling, 
and costs are made each month. There is 
a wide variation in practice in the details 
of the monthly summaries. An example 
of a detailed summary of a given working 
place is given in Fig. 308. Figure. 309 is 
the monthly cost sheet in use at the same 
mine from which Fig. 308 was taken. __ 

Control of Ore Treatment.—Picking 
and sorting plants are usually placed close 
to the outlet of the mine, and the supervi- 
sion of the work is placed in the hands of a 
foreman or boss. The work is controlled 
by estimating the tonnage either by the 
number of cars or skips handled or by 
weighing the product delivered. The 
weight of the reject is determined by the 
number of cars of waste sent to the dump 
or by weighing. Samples are taken at reg- 
ular intervals and the work of the ore 
sorters is checked. The summary reports 
give the weight of the first-class ore, weight 
of second-class or mill ore, and the weight 
and value of the waste rejected. 

Where a more elaborate method of ore 
treatment is used, the supervision of the 
control is in the hands of the metallurgist. 
The task is a specific one—so many tons of 
ore per 24 hr. to be passed through certain 
steps and as high a percentage of value to 
be extracted at as low a cost as possible. 
The ore is sampled as it is delivered either 
by being passed through a mechanical 


sampler or by some method of hand sampling. The plant is charged 
with the weight of ore and the total value. It is credited with the 
value lost in the tailing or waste and the values recovered. The account 
should balance. Some form of mechanical sampler is used on the tail- 
ing discharge. The samples for each shift and each day are assayed or 
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analyzed, or both, and a report is made to the manager. The bullion or 
concentrates are weighed and sampled, and the values are reported. 

The detailed working of the plant, as for example the saving effected 
by a given machine or group of machines and their cost of operation, is 
determined by sampling the heads and tails of the machine or group and 
by measuring the rate of feed. The power required for operation, the 
supplies, the cost of repairs, and the total costs for the group are also 
determined. The causes for low extraction are determined by physical 
or chemical examinations. Thus the efficiency of each individual part 
of the plant can be determined. Separate cost accounts for the plant are 
kept, as well as a system of individual reports, which indicate tonnages 
and values recovered, weights and values of products, and weight and 
value of the tailing. 

Control of Costs.—The direct cost of mining is made up of the 
cost of labor, supplies, and materials. The unit cost is given on the 
basis of the ore produced. Unit costs are computed for each month. 
Thus the manager can tell the direct outgo upon each ton of ore. Direct 
unit costs fluctuate more or less from period to period but tend to assume 
a constant figure. Indirect costs include depreciation on plant and 
equipment, taxes, insurance, superintendence, general office expense, 
etc. The sum total may or may not be of constant magnitude for 
a given time period, but the tendency is to approximate this condi- 
tion. With a variable output the indirect unit costs fluctuate between 
wide limits, reaching a minimum for a maximum production and a 
maximum for a minimum production. The amount of prospecting and 
development will change the unit costs for any given period if these 
accounts are included in the direct mining costs. Both are best kept 
separate and should be figured independently in the cost reports. The 
final measure of efficiency is the cost; hence the details of cost are matters 
of considerable concern to the manager. Especially is this so if the mar- 
gin of profit is small. How to reduce costs is a problem to the manager. 
He can attack the problem in two ways, by endeavoring to secure greater 
all-round efficiency and by reducing wastes. An accurate system of 
accounts and close supervision of the enterprise materially assist to this 
end. 

Present-day cost control is complicated by political concepts, such as 
old-age pensions, unemployment insurance, the stimulation and appease- 
ment of labor organizations, and the general growth of experimental 
extensions of governmental activities. All must eventually be paid for 
out of industrial production. The resulting tax load will be overwhelm- 
ing. Wages and taxes are basic price elements. Wage and tax increases 
require equivalent price increases. Price fixing aggravates the difficulties 
of industrial economics. 

Pay rolls are subject to various surcharges, such as industrial-accident 
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compensation, a 1 per cent old-age tax, and a 3 per cent unemployment- 
insurance tax. The accounting expense of an enterprise is greatly 
increased. The employer pays income taxes, federal and state, property 
tax, sales tax, school tax, and in some states other special taxes. An 
example of taxes paid by the mining industry is afforded by the gold mines 
of the Transvaal. According to Mineral Trade Notes, the Government 
Mining Engineer of the Union of South Africa stated that the revenue 
derived from income tax and the special contribution from the gold mines 
totaled £16,759, 163 for the fiscal year ended March 31, 1945. During the 
same period dividends, including the annual redemption allowance of 
capital expenditures (about £6,500,000), totaled £13,701,000. Exclud- 
ing the allowance for amortization, the combined dividends, the income, 
and special levy taxes total approximately £23,960,164, of which the 
government received nearly 70 per cent. 

Experimental Work.—In a large organization the opportunities for 
experimental work are seriously restricted by the routine work, and it 
is impracticable in many instances for staff men to carry out any sys- 
tematic testing of appliances and methods. A separate division to 
handle such work is established by progressive managements and often 
results in the attainment of greater economy in the use of supplies, the 
adoption of more efficient appliances, increased extraction in millwork, 
the production of valuable by-products, and the simplification of methods. 

Miscellaneous.—Contracts for the execution of certain work, for 
the delivery of supplies, leases, miners’ contracts, and machinery con- 
tracts form the usual run of business agreements that must be drawn 
up, authorized, and executed. The contract involves the designation of 
the two parties, the subject of the agreement, specifications, the money 
or other consideration, the terms and conditions of payment, the penal- 
ties for nonfulfillment, the method for arbitrating disputes, the time 
limits, date, and signatures of both parties. Agreements are signed by 
the manager or by any other person authorized by him to act. Originals 
. of all agreements are filed, and the manager designates the staff member 
responsible for the supervision of the execution of the contract. Con- 
tracts of more than nominal importance are drafted by the legal depart- 
ment of the company. 

The purchase of supplies is an important detail. A special purchas- 
ing agent is engaged to take charge of the division where the amount 
and money involved are sufficient to justify his salary. Specifications 
covering quantity, material, quality are drawn up for each supply. 
Bids are secured on the basis of these specifications, each bid specifying 
price and time of delivery. Supplies when received are inspected and 
accepted or rejected in accordance with the specifications. Price is 
usually influenced by the quantity ordered, so that orders should be so 
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adjusted as to secure the advantage of the lowest prices offered. Some 
little skill and attention are required to keep the stock of supplies down to 
the fixed maximum. Usually limit amounts are established for each 
supply, and these limit amounts are such as to allow a reasonable time to 
elapse before placing the order. In this way orders can be grouped or 
concentrated, resulting in economy in placing the order and in shipping 
and handling the supplies. Heavy supplies used in large amounts are 
purchased by the carload at regular intervals. 

Probably one of the more troublesome details in mine operation arises 
from the theft of supplies and ore. Theft of supplies, as well as waste, is 
avoided by a proper system of storage, accounting, and checking. The 
prevention of ore, amalgam, and bullion thefts requires constant watch- 
fulness and close checking. Only trusted employees should be allowed 
to handle the valuable end products. Day and night watchmen are 
necessary at critical places. Unauthorized and casual visitors should be 
discouraged. Thefts of rich ore in the mine are especially difficult to 
control. Watchmen are often stationed in the rich stopes. Change 
quarters are designed so that the workers cannot remove any ore in their 
clothing or dinner pails without detection. The selling of rich ore and 
bullion is restricted by legislation in most states and a certain amount 
of protection is thus afforded mining companies, but there are many 
channels for the disposal of stolen ore and bullion, and these must be 
discovered and watched. 
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CHAPTER XVII 
MINE ACCOUNTING 


The essential requirements of a mine accounting system are a record 
of outgo and income and a record of performance in work or results 
accomplished, together with the accompanying costs and periodical sum- 
mations of the financial condition of the company or property. Accuracy, 
clearness, simplicity, and applicability to the situation should be the 
characteristics of the system. While there are many features in common 
in different accounting systems, there are great differences in detail. No 
uniform system is applicable to all cases. <A careful analysis of the 
demands that must be met by manager, staff, and workers and the limit- 
ing conditions of the particular case are necessary before a satisfactory 
system can be planned. The accountant and manager and his staff of 
engineers should cooperate in working out the details of the system. The 
system should be elastic enough to take account of varying conditions as 
they arise. The initial division of the:accounts requires the following 
subdivisions, and each will be separately considered. 


The labor account The cash account 
The supply account The profit and loss account 
The cost account The balance sheet 


The sales of product account 


The Labor Account.—Labor timekeeping is kept either by the time- 
sheet or the time-card method. The simplest application of the former 
requires each worker to go past the timekeeper’s window and verbally 
give his name or number to the timekeeper, who checks against the time 
sheet. When the worker reports off shift he again goes past the time- 
keeper and gives his name or number, which is checked off. The time 
sheet is signed by the timekeeper and given to the accountant. The 
simplest application of the latter method requires each worker to receive 
a time card, on which his name and number may be stamped when he 
reports for work. When he reports off shift he fills out the time card with 
the number of the working place and the particular kind of work and 
hands it to the timekeeper. While both of the above-described methods 
are applicable in certain instances, a somewhat more elaborate method is 
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more common. ‘The method used by the Crystal Falls Iron Mining 
Company requires the following steps. 

1. Men on going to work report their brass-check numbers and the 
timekeeper records each number. 

2. Men going off shift report their numbers and the timekeeper 
records them. 

3. During the shift the timekeeper makes one round underground 
and sees each man at work. He records the working place and classifies 
the worker’s time in accordance with the separate accounts. He makes 
a similar round twice each shift on the surface. 

4. The timekeeper’s daily report is given in the accompanying form. 


Datty Lasor AND PropucTrion REPORT 
Date——__—_—_————_19 


Surface Total | Underground Day Night Total 


(1) Office force 
(2) Mining eng. 


(1) Mining captain and ass’ts 
(2) Mine foreman 


(3) Master mechanic (3) Miners 
(4) Machinists, etc. (4) Miners—contract, etc. 
(33) Total men (21) Total men 


(22) Product per man 


(23) Total men employed............ 
(24) Productsper man. sano 
Number of cars trammed............ 
Number of skips hoisted............ 
Number of tons hoisted............ 
Total product to date for month............ OGBYS. nice Ses 
Average daily product for month....5....... 
Estimate for month.a.....4- 0. > C88 ku cweae ares 
Cars shipped from stock pile............ 
(25) Number of cars trammed { BEE UE iteistgs se 
Nos Qo Santon 
(26) Number of skips hoisted { aR Paap ; 4 f ; ; LES 
(27) Number of skips rock hoisted.........- : 
(28) Tons of ore hoisted......... 


As a check upon the timekeeper’s daily report the surface foreman 
and underground shift bosses are required to take each man’s time as 
they make their rounds. Each submits a report, which is sent to the 
superintendent and which checks the monthly totals on the pay roll.! 


1 J. D. Vivian, Trans. Lake Superior Min. Inst., vol. 16, p. 70. 
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The time sheet used at a coal mine is given in the following: 


Daily Time sheet —— ting 
Date 
Started Quit Ti A Ch Wh 
Now ise! ime, Rate mt. arge hat 
Ro. PM 1|AMIP.M hours earned to doing 
* 


The daily time sheets or time slips are used for the preparation of the 
pay roll. The pay roll is a summary of the amounts earned each day by 
each worker or the hours of labor each day. The form in common use is 
given below. 


Mine Month 19 


Payroll 


5 31 spaces here. Amount : | 
No. Name 1 | 2 Motairalittacce hones Rate Raenea Deductions} Balance 


Total 


For contract working where the unit of payment is the linear foot, 
car, or ton, the entries would correspond, and in place of total shifts would 
appear footage, tonnage, or number of cars. For bonus working a similar 
change would be necessary. For employees on salary a separate pay roll 
is usually made up. 

Payment of wages or salaries is customarily made by check. The 
checks are made out, verified, and distributed by the cashier or his assist- 
ants. In some mines it is the practice to require workers to sign the 
pay roll as a receipt of payment made. The same practice applies to the 
salary pay roll. 

Segregation of labor costs on the basis of underground, surface, trans- 
portation, ore-treatment, and construction work follows. These may be 
termed primary accounts. Each primary account may be and usually 
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is divided into a number of secondary accounts, under each of which the 
charge for labor is entered. Thus under underground work the secondary 
accounts may be drifting, crosscutting, raising, stoping, timbering, shaft 
sinking, tramming, waste filling, etc. Under surface work the secondary 
accounts may be tool sharpening, blacksmithing, timber framing, hoist- 
ing, machine shop, power plant, etc. Secondary accounts may be still 
further divided and each subdivision charged with its appropriate amount 
and cost of labor. A definite system of accounts is laid out, and each 
account is given a number. The timekeeper’s daily report is prepared 
in accordance with the account numbers, and the work of the accountant 
consists in entering the quantities ineach account. The separate accounts 
are totaled each month and the labor cost is determined. 

Pay-roll accounting is now complicated by the incidence of variotts 
taxes, such as social security, unemployment insurance, and withholding. 
Both employer and employee are subject to a 1 per cent pay-roll tax for 
old-age pensions, and the employer is subject to a 3 per cent tax for 


unemployment insurance. The employer deducts the withholding tax 


from the employee’s pay-roll account. The employer also pays the 
industrial-accident-compensation insurance, based on a percentage of the 
pay roll. He may also have to deduct employees’ union dues and pay 
them to the union organization. It is necessary to maintain accurate 
accounts of all such transactions and to make quarterly and annual reports 
to the government. Deductions from employees’ accounts are usually 
entered upon the pay-roll check or upon the envelope containing the cash 
payment. 

The Supply Account.—Three separate subdivisions are usually neces- 
sary, a ledger, a storekeeper’s stock, and a freight account. In addition, 
three files are required for orders placed, bills received and checked, and 
bills paid. The ledger account comprises a separate debit and credit 
account for each firm from which supplies are purchased. Bills are 
received, shipments checked, prices and totals checked, and the bills filed 
as ready to be paid. The amount is entered in the ledger. Each month 
the separate accounts are settled by check. The supplies are charged to 
the storekeeper’s account after adding the freight and handling charges, 
which are apportioned as accurately as possible. 

The storekeeper’s account is a modified ledger account. Supplies 
are delivered on a requisition, which shows the account to which the 
supply must be charged. The storekeeper charges the individual account 
with quantity and cost and credits it with the quantity and cost of any 
supplies returned. On a separate sheet supplies received are charged 
against the storehouse and supplies issued credited to it. The balance of 
the latter account is represented by the stock of supplies carried. 

The account of stock is maintained by a system of cards, each card 
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-being a record of a single supply. The form used upon the card is given 


below. Balances are written in red ink. 


$$? SSF 
Article—— * Card No. 


Date | Balance 


Account 


charged Notes 


Received Used at. Value 


Cost | Unit cost 


— : = ae 


| | be | | Sea | 


ai ae SE eile a a Se ad a 
Daily, weekly, or monthly reports of the supplies issued and the 
account to which they are to be charged are prepared by the storekeeper 
and submitted to the accountant, who makes the necessary entries against 
each account. Semiannually or annually the entire stock of supplies is 
inventoried and the balances on the stock cards are checked. 

A separate cash account is required where mine stores are sold or 
where settlements are made each month. A ledger account for each pur- 
chaser is kept. The storekeeper reports cash sales and prepares monthly 
statements of the ledger accounts. 

The Cost Accounts.—The cost accounts serve the important purpose 
of keeping the management and each department head in close touch 
with the detailed expense involved in the working operations. The 
extent to which segregation of costs is necessary will vary in each indi- 
vidual mine. Modern office facilities, adding and multiplying machines, 


typewriters, and time stamps have made possible without excessive 
TABLE 126.—ANALYSIS OF SEGREGATION 
General ects Ee Accessory Repair Preparation 

Labor Stoping Machine drilling Machine drills Timber framing 
Supplies Drifting Breaking Cars Timber  treat- 
Power Crosscutting Shoveling Locomotives ment 
Repairs Raising Chute loading Ropes Tool sharpening 
Depreciation Winze sinking Tramming Pipes Storehouse 
Supervision Shaft sinking Haulage Track Change house 
Various indirect | Diamond drilling | Pumping Ventilators 
items of expense Ventilation Hoist 

Ore treatment Illumination Electrical equipment 

Conveying Hoisting Signal system 

Crushing Timbering Power distributing 

Sizing Surface transportation system 

Concentration Stock piling Power plant 

Classification Stock pile loading Buildings 

Sand-treatment Roads 

Slime-treatment Ore-treatment plant 

Tailing dump 
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cost a degree of segregation and cost analysis impossible of attainment 
by cruder methods. The tendency of modern mining practice is to 
increase the cost analysis both in number and detail. How far it is 
necessary to go must be decided by the manager and staff. Too minute 


Fig. 310.—Cost or SToPpine 
A BT nS ae ee EEE P 
Working Place No. . 7. 6s..5....- Nonth eae BeBe ae 


CarduiNouentc comet nres Lovell Nau ee Total Average 


per ton 


Total tons—est............. 1 2 3 31 spaces 


Each representing a day 


Labor 
Miners 
Timbermen 
Tram mers 
Muckers 
Tool packers 
Miscellaneous 
Supplies 
Timber 
Powder, caps. fuse 
Lubricants and candles 
Miscellaneous | 
Power 
Drill shifts 
Drill steel | 
Drill sharpening 
Drill. repairs 
Air hose 
Air pipe 


Total cost 


Tons ore produced 


Cost per ton 


Cumulative tons 


Average cost per ton 


Tons remaining 


SN ee ees Se 


an analysis of expenditures may serve no useful purpose and may waste 
time, paper, and storage space. 

Segregation may be on the basis of time, the working place in the 
mine, the kind of work, the department, or a broad feature in the 
operations. The possibilities of segregation are shown in Table 126. 
In the first column, headed ‘‘general,” are placed the principal expense 
items that might apply to any piece of work. The remaining columns 
give individual operations under mining and development, ore treatment, 
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accessory, repair, and preparation. It is evident that each entry in the 
last four columns might include all the separate entries in the first 
column. Under stoping, separate expense accounts may be maintained 
for each stope, or all the stopes may be grouped together and the expense 
reported from day to day, weekly, or monthly. In a similar manner 
each development working may be reported separately, all develop- 
ment workings of the same kind grouped and reported as a group, or all 
the development workings irrespective of kind grouped together and 
reported as a whole for the same time periods. In Fig. 310 a form for 
reporting stoping costs is illustrated. The costs are given for each day 
and the day’s total is the money outgo for working. The total and aver- 
age cost per ton for each item are given in the last two columns. 

A summary form for all stoping operations for a single month is illus- 
trated in Fig. 311. 

Fie. 311 


Stoping Report for Month............, LO vtec tote 


| Average 
Working Place No............. per ton 
Items _| Total 


Labor 

Supplies 

Power 

Repairs 
Miscellaneous 
Superintendence 
Indirect 


Total cost 


Tons ore produced 


Cost per ton 


Cumulative tons 


Remaining tons 


The system outlined admits of indefinite expansion and is limited only 
by the degree of differentiation in the primary reports submitted by the 
timekeeper, storekeeper, shop foremen, engineers’ office, mine foremen, 
shift bosses, bosses, and accountants. At most mines the cost accounts 
include only the direct outgo, labor, and supplies. Indirect expense, 
such as management, depreciation, mechanical repairs, etc., are not 
included, the latter accounts being separately reported each month. 
They are sometimes apportioned and added to the averages and totals 
each month. The distribution of power costs is attended with more or 
less difficulty. The power-plant costs are maintained as a separate 
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Fig. 312.—Annvat Report 
Detatts or Mininc Expenses, YEAR ENDING. 


Stopes, 


Drifts and 
crosscuts_ 


Diamond 


Raises | Winzes drilling 


19s 
Total de- 
velopment Total 
feet tons 
Cost Cost 
Cost} per |Cost/per ton 
mined 


| foot 


Mine timbers 

Powder 

Caps 

Fuse 

Candles 

Drills and fittings 
Pipe and fittings 
Track and fittings 
Pump and repairs 
Cars and repairs 

Iron and steel 

Change room and office 
Lubricants 

Electric supplies 
Miscellaneous hoisting 
Tools 

Miscellaneous 


Total supplies 


Labor 
Superintendence 

Shift bosses 

Engineers 

Miners 

Muckers 

Timbermen 
Blacksmith and helpers 
Pipe and trackmen 
Cagers 

Pumpmen 

Filling 

Top carmen 

Nippers 

Mine and shaft repairs 
Assay department 
Electrical department 
Engineering department | 
Sampling department 
Watchmen 

Surface department 
Diamond drill ’ 


Total labor 


Power-electricity and air 


Totals 
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account and the average consumption of power for each division of the 
work is measured. The unit cost for power production and the average 
power requirement for each division give the appropriate total power 
cost to apply. 

Monthly, semiannual, and annual cost summaries are made. The 
amount of detail is greatly condensed, and such reports usually show only 
the principal groups of expense accounts. Figure 312 gives the annual 
cost summary used by a large gold mine. 

A somewhat condensed summary used by the same mine isgiven in 
the following: 


TABLE 127 


Percentage 


Cost per ton Total expense of total cost 


Stoping..4...°%...; tons 
above ecn 


Powers cae. 
Total enone « 


[abor eee anaaa 


POWelas. coir: 
Potiliee satis. 

Moving dumps .. tons moved 
Mabon, jeccleeu-r 


Power silent ce 

Rotel eees 6 
Transportation 

Railroad operation ........ 

Railroad maintenance ...... 

Lotalaya.ctne. 


GAOL es ste: 


Concentrate treatmen.. ...tons 
i Bc oYese 4h cl Wawa 


Power tyoec. oe. 

Toteley neice cis < 
Total direct operating costs.......... 
Total indirect operating costs 
PDOUGLeCOSUSiin ae rivera ncier™ 


The Sales of Product Account.—The transactions are between the 
mining company and ore-buying or smelting companies. All expense 
items, sampling, transportation, and treatment are debited against this 
account. 

The Cash Account.—The cash account is a debit and credit account 
of all bank deposits and withdrawals. Proceeds from ore and product 
sales are deposited to the credit of the mining company and debited on 
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the cash account. All checks drawn are credited. Checkbook stubs 
furnish a record of each transaction. A petty cash account is usually 
necessary and this is handled by depositing a small sum of money at the 
disposal of the office clerk who is charged with the amount. For each 
payment he makes out a voucher and at the end of the month turns in 
the amount represented by the vouchers and receives an equivalent sum, 
which brings the petty cash fund up to the original amount. 


Fic. 313.—Prorir anp Loss Account 
Profit and Loss 


| 
| 


Income (Earnings) Outgo (Expense) 


(1) Ore and concentrates sales less | 7 } 


transportation, treatment and Direct : Indirect 
charges (8) Mini caer (20) General Management 
: aVi1inin q 
(2) Bullion sales less marketing ex- 3 Supplies expense, staff 
pense Office 
(3) Earnings from storeroom 0) PDPANapoRtweIas ese Bullion 
4 arnings from shops upplies (2 axes 1 Income 
(4) E g hop: Ba Supplies (21) T I 
(5) Dividends from mine stock of Property 
other companies pas ane (22) Insurance 
(6) Interest and discounts BEC SEE I Supplies (23) Compensation 
(7) Rentals and miscellaneous income Semidirect (24) Emergency expense 
(11) Foremen and shift bosses (25) Depreciation 
Lab 26) Miscell. 
(12) Development { < ee ee) eran 
Supplies 
: Labor 
(13) Pumping Eee 
eae bc Labor 
(14) Ventilation ioe 
(15) Illumination eee 
Supplies 
Labor 
(16) Power } Supplies 
Fuel 
(17) Repair Woes 
Supplies 


(18) Timber framing { te es 
Supplies 


(19) Tool tees 
sharpening | Supplies 


The Profit and Loss Account.—The profit and loss account is a 
monthly, semiannual, and annual summary of income and outgo. The 
accompanying chart (Fig. 313) illustrates the principal accounts sum- 
marized and one method of classification. 

The Balance Sheet.—The balance sheet is an annual statement of 
assets and liabilities. The accompanying chart (Fig. 314) illustrates the 
principal items that are included in the statement. Accompanying the 
balance sheet is often a statement of the ore reserves remaining at the end 
of the period represented by the balance sheet. 

Operating equipment wears out and may be replaced by new machines. 
A mine plant may also require replacement. A depreciation account is 
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maintained to provide for and to represent this factor adequately as a 


part of the cost. 


Some percentage of the installed cost of a machine or 


the entire plant, buildings, and other appurtenances may be taken, based 


upon the assumed life of the enterprise. 


A more detailed account may 


be carried, in which the life of each piece of equipment and each building 
or structure is estimated and an annual amount is written off in relation 


to its installed cost. 


Necessarily depreciation is not a precise factor, as 


it is based upon an assumed time that may or may not be accurate. The 
life of an enterprise can seldom be closely estimated, as changing political 
and economic conditions have an important influence. 


Fig. 314.—Batancre SHEET 
Balance Sheet 


Assets Liabilities 
(A) Mining properties less amount representing (Q) Capital stock authorized less unissued stock 
exhaustion of deposit (Ry) Acdounts payable: oe pay roll 
(B) Organization expenses Accrued expense 
(C) Mine buildings less total depreciation (S) Loans and notes payable 
(D) Mine equipment less total depreciation (T) Net amount realized from operations less 
(E) Mill buildings less total depreciation amount representing exhaustion of deposit 
(F) Mill equipment less total depreciation (profit and loss account) 
(G) Office buildings and equipment less total Unpaid compensation 
depreciation. (U) Mignone Ue damage suits 
(H) Real estate Unpaid dividends, ete. 
(I) Stock owned in other companies Norn.—(A) The value of the mining property may be 
Unexpired insurance taken as the first cost of the property or may be 
(J) All prepaid expense} Unexpired taxes valued from the profit represented by the ore reserves. 
Office supplies The amount written off for depletion is cumulative 
(K) Stock of mine and mill supplies and is the sum of the annual depletion amounts 
(L) Accounts receivable allowed. 
(M) Cash in bank and on hand (T) The net amount is the cumulative annual 
(N) Absorption (mill solutions and pulps) profits represented by the annual profit and loss state- 
(O) Concentrates, bullion, and miscellaneous ments less the cumulative annual depletion amounts. 
metallurgical products in process of set- 
tlement or sale 
(P) Patents 


Improved equipment often renders existing equipment obsolete. 


Equipment may be replacea by more efficient units long before it has 
been worn out. Installed cost, less depreciation already written off, plus 
the cost of replacement parts less their salvage value, enters the cost 
analysis. The installed cost of the new equipment is subject to deprecia- 
tion. Obsolescence also applies to buildings and other structures. 

The annual rate of mining in a given enterprise may exhaust the 
mineral deposit within a certain period of years unless additional ore 
deposits are discovered and developed or other property containing exten- 
sions of the deposits is acquired. To provide an accounting basis the 
value of a deposit is estimated as of a given date, and annual amounts 
are written off corresponding to the value and to the time period esti- 
mated for exhaustion. New discoveries are also valued. The term 
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“depletion” is given to this account. It is an important and controver- 
sial subject in respect to income taxes. 

Where radical changes are made in the surface plant or new struc- 
tures are added a separate construction account is maintained. The 
construction costs are segregated and monthly summaries of expense 
for labor and materials are prepared. 

Where extraordinary expenditures are made or where development 
is carried greatly in advance of stoping, such expenditures are sometimes 
carried as suspense accounts. The expenditure is debited to the sus- 
pense account and is written off at a regular rate by crediting the sus- 
pense account with the amount written off and charging the appropriate 
regular account with the same amount. 

Semidirect accounts include all accounts for which the segregation 
is not directly apparent but must be determined by special observations, 
measurements, or arbitrary apportionment. Indirect accounts are 
accounts which apply to mining operations as a whole and which do not 
admit of convenient apportionment among the direct accounts. Manage- 
ment, office expenses, surveying, assaying, sampling, prospecting, engi- 
neering, accidents, royalties, taxes, insurance, workmen’s compensation, 
hospital, welfare, first-aid work, etc., are items which are generally 
included under indirect accounts. 

Annual Report.—The annual report is a detailed review of operations, 
a statement of ore reserves, the presentation of annual cost summaries, a 
profit and loss statement, and a balance sheet. It is prepared by the 
manager and staff and is for the information of the stockholders. It is 
usually printed and distributed to the stockholders. 
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CHAPTER XVIII 
ACCIDENTS AND MINERS’ DISEASES 


e 


The dangerous nature of mining received early recognition. Agricola 
in his ‘‘De Re Metallica”’ writes this significant paragraph: 


It remains for me to speak of the ailments and accidents of miners and of 
the methods by which they can guard against these, for we should always devote 
more care to maintaining our health, that we may freely perform our bodily 
function, than to making profits. Of the illnesses some affect the joints, others 
attack the lungs, some the eyes, and finally some are fatal to man. 


The first review of the subject appeared in the sixteenth century. 
Since then the interest has been intermittent. Great progress has been 
made in recent decades, and today the subject is of growing importance, 
not only to the engineer but to the public at large. Active interest is 
being taken not only in the conservation of natural resources but also in 
the conservation of men. The work of the state mine inspectors, the 
Bureau of Mines, the mining companies, and state industrial commissions 
has made itself felt, and substantial reductions in accident rates have 
taken place. 


STATISTICAL DATA 
The fatality rates and injury rates for the years 1934-42, inclusive, 
are given in Table 128 and causes in Tables 129 and 130. 


TABLE 128.—H MPLOYMENT AND ACCIDENT Data aT METAL AND NONMETAL MINES IN 
THE UNITED STATES 


Rates 

Year| No. mines | No. men pacers: aos Fatal Injured 

man-day Fatal Injured 
1934 3,598 66,645 221 7.89 116 7,892 1.00 * 67.95 
1935 10,819 92,314 220 7.93 164 10,206 1.02 63.27 
1936 8,451 190,932 250 8.03 199 14,650 0.98 72.40 
1937 9,040 118,429 252 8.02 219 18,055 0.91 75.37 
1938 7,233 103,027 228 8.01 156 12,722 0.83 67.61 
1939 9,123 111,909 233 7.95 173 13,710 0.84 66.28 
1940 11,130 120,120 242 7.94 223 14,766 0.97 64.00 
1941 9,620 125,290 255 7.94 230 15,772 0.91 62.17 
1942 6,067 112,446 280 7.99 237 13,956 0.94 55.56 


Noty,—Taken from HSS 335, U.S. Bur. Mines; rates for fatalities and injured are per million man- 
hours. 
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TaBLE 129.—CausEs AnD NUMBERS OF FATALITIES AND INguRrIEsS In ALL U.S. Mines 
(ExcLtupInG Coat Mines), 1942 ann 1914; Insurizs For 1942 


Total Total Total 
Causes fatalities, | fatalities, | injuries, 
1942 1914 1942 
Underground: 
Halllof rock omore trom rooleonwalleanendc 0s oslo ee de anes 70 185 2,307 
Rock or ore while loading at working face.................... is if 987 
sbimb eraorshandutoolstt wy anise cee ecto ie ake oie aleewels c a 3 804 
JOS GO) GOSS NE Sia eceenh Oltgl eae EAR Oh in Seo NOE eT Ey a Sn 2 es 15 49 84 
EA AULA ENA CCLAETUGD lcreven te et eucusnsSe ie nee EAT ashen BVh av sh ePeMr eae 27 31 1,354 
Falling down chute, winze, raise, or stope................+--- 20 48 852 
Rimbotrore fromuchute sor pock@bes. <a acre ys elses solehs «aie eos ale Zé 5 372 
Dra PAC CLO CNUs amt ta tay conuageete tans st Ae ite AG letnelascle Rone, wares ots 3 844 
GleCtricltymmamW tanner chert Pale tel wares secbacrcte Seta Stearate) ceeeragbitele 7 8 30 
Machinery (not including locomotives or drills)............... 3 1 465 
VEEIRE DIG OS MeeeiyNe cel aiats cats chant rarat MRM e Ne ee Ruthe abars oie a eect ie, olde a 8 10 5 
Suttocation: fromenatural gasesings. .cscid coded > aslo ee woe sie msle 3 1 20 
Mints OL wa cerwesnyasmeiate rc pacwe eter war es chars sees hind os nclenstee a6 8 1 
Steppin eeonenailowwernerrs cea, wis ay asia cote ey oe eo aphere lelaeiew ne ae, a 170 
OPHERECS Uses Merete ce Nie Wee sts cg te ee eeeecre en sinvistankes Nesee tine ea 9 7 2,507 
PROLA etn der eTOUN Cink ¥-F5 her es tee oc Arh vsheur ce eyupsce er eyns asic. sila « 170 366 10,802 
‘Shaft: 
LLIN SA CLO WISH ALES neererseehecch Met erenstctera MA ee ee sche rele Oe ea alone 5 34 5 
Obyects falling; down shattsanrarciscaciteoses thon ein eee. ele is 10 61 
Breakin gxorCa ples Srnec ster errors ele ee rent ies ant eotart hen Paar 2 2 
Owverwind iia gismeycirersts ceteris tect ar teres ahs Ruabon eee alate Mhcce aa i en Rats 
ROROME CARO See tre ee eh ane eerie pen ecmncea yr RAR Ee 6 43 75 
OUERSrKCAUBCS ME meee exerts srotec fe teae chee or oc etna are sptiralesene tata teckne S-ahete “Sys 1l 99 
USCS Eis} CY Gis Dee Se Meat pes eee Be RR aS tate fon St oe nS ara 17 100 242 
Surface: 
Mine cars, mine locomotives, or aerial trams................. - 38 3 71 
al waye Cals And) LOCOMOULV ESE. ve. evrereitinis cree tos Sissies, nas oo deereisyers 1 7 22 
Uns Ore All Of Orsi OV LEO OLOs DIDS ia te. an eieici ereved sichs/ Oi stoned 5 23 
allsroimDersOU Saat nrraie s-csrxesmracurtts cc user caereneeenis oye, cues auehtuccags 5 4 186 
SteppingvOnnn ale es aranvcaceee cocee scmiclentees ceehe Sete heres ee vee ae ae 24 
IAA aTOOISs ARGS DAS OUC ites sitet hecaets creel ities. ake Sov ete ton hie; 210 
MLS CUTICLG yp are eestecoPth the aieden Meat note tats es bape Pee Ore ster GAS, sat cut tata iets ae } 6 28 
VEN UINOT Var teyer tame tgeet exahetaacnsy Sete eta ck cea lehieased aac teiat erin aue Bee hee 2 4 216 | 
Otherewusesnaeisrate varices set ame chew a sere een tate Aa Ate an ee 6 8 361 
MO FAMABUTLAC Ere eiayePahern ies easy slick Steet nure coe ise aie teed od see cae aechaet gore 18 37 1,141 
Open pit: 
Habiarorl Sides: Ol LOCKOLs ONC sets ainnhoterea eee eas ice ate atone sw elo es nl 10 18 108 
HEI ISLOSTV. OB ie iste ccs, eevee vavsuegsite picvece cha ends PREC aaner Gets meee chee 1 11 15 
Haulage accidents (locomotives, etc.)........5..5 202.2 e ee ene u 9 104 
ITOH INES OV GISk seetenaers ts sahay fern peu ereetralaner sis, oe tier suunetshsptcets, safe alas oe 1 49 
FES cOte DOTSOIS stort je lin. 'se tance ohana tefcusereet sete eel tee stay Se ao cry 3 4 Nee 
PAI ETOMAerniOks | DOOMS NOLO) hui Aeterna antes ea eek a 1 1 13 
Runwor palliorcore sin vOr LOM OL) DIDS. saris cele te, «tthe se, che eave ape ead 14 
Machinery (other than locomotives or steam shovels)......... 1 t53 160 
BE LSG GLUGLOY Ree Me ts coh ce cane kes aoe ec mame ce ak sett coin ass tee see! age ey ais nav? 3 9 
Pia MUO OL eee enc rerets fee retires Rr aenabrrncalntty, atten ¢sncer sion h = ioe | we 168 
@UNOIsCAUSORTE Mite a cal ctaricns Sanet oh aaete tas de eG 2 | i a Sea e 4 458 
DOLE] LODOLISE RUS atte titre tte atte aerate tare rane ce cee der cee ct eae 31 “4 56 1,275 _ 
GhenGietiaias hot ase God oak Settee hi Re cians nee eee 236 | 559 13,460 
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TaBLe 130.—FaTaities AND InJuRED IN Coat Mines, UNITED STATES 


Fatalities Injured 
Causes 
1929 1942 1942 
Underground: 

Pallsxofirootand facenniasaate amie erie 1,182 724 15,890 
Mine car and locomotives...........+..+..55 413 278 13,447 
Gas or dust explosions: 186 

Ieocallexplosions rena sterae nares pire 195 30 

IMajOriexplOslOns <yrasisiacieleie es letere Oasis ethene! arate Renal Ps 127 
FIXDIOSTVIES hoy. fers vdershosei ste Speteus Btcrorer te shee theres : 88 29 426 
Hlectricity.t: «cdots acts ccs teks eo oceere seers 81 57 1,072 
Machineryasdicssniere cine otis oitte eislaee teres 28 50 5,631 
HALE ab iees eclaa seraiete cle cole Sein lelerantetr teats 29 7 108 
Miscellaneous: cypace travksre ae ctcispater seeraye nets lorate 45 51 25,811 
Oval MUN Cer ground aarti reins 2,061 1,353 62,571 
SbLppin gor OpenmyCUUnaecee. eee eee ee 35 1,595 
Suriaceyoperations ye. see certo ie cern mere 111 83 5,398 
Grandmtotalt ie eeyaeniee ati cee ccna 2,171 1,471 69,564 


Nore.—Injured includes all nonfatal accidents; in 1942 the coal produced per man-hour was 0.703 
tons; accidents per million man-hours were 78; accidents per thousand 300-day workers were 165, and 
average length of shift was 7.05 hr. From HSS 333, U.S. Bur. Mines. 


Fatal accidents in Transvaal gold mines are given in Table 130a. In 
1940 the average number of workers employed was 42,852 whites and 
351,826 colored. 


TaBLe 130a.—Farauity Rats, TRANSVAAL Goutp Mines 
(Transvaal Chamber of Mines) 


Death rate per 1000 per annum 


Total fatalities 


Period Underground Surface Total 
White Colored White. Colored White Colored White Colored 

1934 57 553 3.42 2.50 0.55 0.80 1.89 2.05 
1935 49 658 2.58 2.78 .42 .59 1.42 2.20 
1936 60 700 2°65 Heal 705 66 1.59 2.16 
1937 49 i238 2.15 2.78 .3f 61 2a 2.20 
1938 63 667 2.38 2.38 aif 80 1.46 1.94 
1939 50 636 2.04 2.26 Pilidy 68 TE) 1.83 
1940 47 662 1.81 2.08 .385 80. 1.04 Wie 


Norn.—Underground and surface are on average men at work; total is on number employed. 


It is impracticable to give more than a limited number of statistical 
tables. The reference given at the end of the chapter, under the classi- 
fication ‘‘statistical,’’ gives a wealth of information to which the reader 
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Or 


is referred for further details. The direct causes enumerated in the various 
tables are those that result in accidents affecting the individual worker or 
at most small groups of workers. In coal mines gas, gas and dust, and 
dust explosions are not of uncommon occurrence and usually result in a 
large number of fatalities, either as a direct result of the explosion or as a 
result of the poisonous gases formed. In metal mines fires are the princi- 
pal cause of accidents affecting a number of workers. The poisonous 
gases produced by mine fires are responsible for the fatalities. 


-PREVENTION OF ACCIDENTS 


The indirect causes of mine accidents are inherent risk of occupa- 
tion, defective material, carelessness and recklessness, rate of working, 
ignorance, disobedience of orders, physical condition of the workers, fault 
of management, fault of foreman, fault of fellow workers, joint fault of 
several. To these may well be added deficient illumination of under- 
ground workings and inadequate ventilation. Various attempts have 
been made to determine the relative influence of the indirect causes upon 
the number of accidents, but these are of questionable accuracy. In 
the Pennsylvania Annual Report of the Department of Mines it is stated 
that ‘‘If the accidents resulting from carelessness and disobedience 
of rules could be eliminated, the fatalities in the mines would not be 
greater than in many of the vocations in the cities.’”’ There is a prevail- 
ing opinion among mining operators that accidents are due in a large 
measure to carelessness and ignorance, but this is denied by some. How- 
ever that may be, the fact remains that a large number of accidents are 
preventable, and since accidents, not only from a humanitarian viewpoint 
but also from financial considerations, are to be avoided, the management 
of a mine must give the subject an important place in its activities. 
| Accident prevention is a subtle problem and requires intensive thought 
' and something more than the placing of “‘safety first”’ signs In conspicu- 
ous places and the introduction of safety devices. Each mine is a prob- 
lem peculiar to itself not only in respect to the physical conditions but 
| also with respect to the workers. It is a never-ending problem during 
_ the life of a given mine. 

/ A study of accidents which have occurred, with the object of prevent- 
ing a repetition, and a review of the indirect causes, with the object of 
eliminating as many as possible, are two necessary preliminaries. In 
| the following are discussed the various methods of accident prevention 
| which are characteristic of mining practice in different localities or which 
are worthy of consideration as an approach to the solution of the problem. 

Selection of Operating Officials and Foremen.—The selection of the 

superintendent is of first importance. An experienced, careful superin- 
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tendent is an insurance that similar men will be selected for the under 
positions. The superintendent, his foreman and shift bosses are on the 
firing line. It is their duty not only to get the ore out but also to get it 
with a minimum of risk to themselves and the workers. They are partly 
responsible for the selection of methods and wholly responsible for the 
execution of the work. Methods and tasks should be systematized as 
much as the conditions permit. Regulations should be drawn up for the 
direction of the workers in each division, and these should be posted and 
copies given to each new worker. Each worker should be required to be 
familiar with his working directions and held responsible for their observ- 
ance. The superintendent and foremen should hold frequent con- 
ferences at which should be discussed not only the usual features of the 
work but also the risk factor. Methods and procedure should be deter- 
mined by considerations of safety first and costs last. Where the work 
is dangerous it should not be pushed, and the workers should be allowed 
to take their own time. 

Selection of Workers.—The selection of the workers is of next 
importance. It is not usually possible to select a crew of several hundred 
miners and other workers without getting a number of inexperienced and 
incompetent men. These should be gradually weeded out. Where a 
good but inexperienced man is found he should be paired off with an 
experienced worker and allowed time in which to develop. Green men 
should always be placed in working places with men familiar with the 
mine. A certain amount of instruction and training work should be 
expected of the management. A large mine should maintain an instruc- 
tion and trying-out squad. This should be placed in the charge of an all- 
round experienced miner, whose duty should be to instruct the new men 
in the mine work and acquaint them with any peculiar and dangerous 
conditions. Hach man should be given a fair trial, and only those who 
qualify in a reasonable time should be retained. An esprit de corps 
should be cultivated among the men. This can be done by the recogni- 
tion of good work. A small bonus payment may go a long way toward 
developing a spirit of cooperation between the workers and the 
management. 

As it takes time and money to build up a working force, it is poor 
business policy to let good workers leave. Good living conditions and 
fair treatment will in most cases prevent numerous changes. A stable 
working force greatly simplifies accident prevention. One of the impor- 
tant factors operating in foreign countries to reduce accident and fatality 
ratios 1s the availability of a mining population which does not shift about 
and which has its mining experience as a heritage from present and past 
generations. While some mining centers in the United States are charac- 
terized by a relatively stable and experienced mining population, many 
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have to contend with recruiting labor from many localities. The present 
need is for experienced miners. 

Training and Education of Workers.—Provision in our educational 
system for the training and education of miners is in its beginning stages. 
It is a community problem rather than one that concerns the mining 
company, although most progressively managed mining companies 
recognize the importance of the work and frequently lend financial 
assistance to further it. Night schools should be established in every 
mining center, and where the miners are foreigners instruction in the 
English language should be an important part of the curriculum. Ele- 
mentary mining, such as the use of explosives and the causes and the 
prevention of accidents, as well as first aid should be presented in a 
simple, practical manner. Charts, lantern slides, and _ illustrative 
material are essential in imparting knowledge of this kind. Alertness of 
mind is an important factor in preventing accidents. The humdrum of 
vocational work has without doubt a strong tendency to produce dullness, 
which can be overcome in part at least by the stimulation of interest in 
other things. 

First-aid contests that take on the features of a game serve two 
important purposes, instruction and training in first aid and accident 
prevention, and the quickening of mental responses. The miners’ class- 
work under the leadership of the Young Men’s Christian Association in 
certain mining localities serves a similar purpose and is to be commended. 

Secondary schools for the training of mine foremen should be a part 
of the educational system in centers where large numbers of miners are 
employed. The course of study should include all the subjects enu- 
merated before and in addition elementary chemistry, mathematics, sur- 
veying, and accounting. The study of mining machinery and methods 
should be especially thorough. The course of study should be open to 
miners who have shown special aptitude and ability. 

Discipline of Workers.—Obedience to orders by the workers is essen- 
tial in the operation of a mine where dangerous conditions prevail. A 
sufficient number of foremen, shift bosses, and bosses is necessary in order 
to cover the working places adequately. They should be required to 
report all infractions of regulations as well as carelessness or incompetence 
on the part of the workers. The breaking of a safety regulation should 
be brought to the immediate attention of the worker and he should be 
warned. A repetition of the offense should be met by a temporary layoff 
and a third infraction by discharge. The thoroughness of the supervision 
of the workers is a factor in developing a well-disciplined mine force. 

Safety Regulations.—A general set of safety regulations should be 
compiled for the guidance of workers at each mine. The regulations 
should be prepared by the mine staff and foremen and should apply to 
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the surface plant and underground workings. They should be segregated 
into groups, such as those pertaining to the handling of explosives, hoist- 
ing, tramming, raising, shaft work, stoping, drifting, and shop regulations. 
Copies should be posted about the surface plant and each worker should 
be provided with acopy. The Cleveland-Cliffs Iron Company issued at 
one time a safety-regulation book in English, Finnish, and Italian and gave 
a copy to each employee, requiring him to sign an agreement to study 
and live up to the regulations. The employee must satisfy his foreman or 
boss within a reasonable time that he is familiar with the regulations. The 
same company posts copies of bell-signals and special rules governing the 
use of explosives and the duties of hoisting engineers and motormen. 

Many examples of safety rules in use by different mining companies 
have been published and are available in technical publications. While 
some of these regulations would apply to any mine, it is evident that 
safety regulations must be drawn up with particular reference to the 
mine in which they are to be used. The underground safety regulations 
of the Copper Queen mine (Arizona) are given as an example. 


General rules for the prevention of accidents at the Copper Queen Com- 
pany’s mines, in Arizona, include the following for underground work: 1. As 
all mining work is hazardous, extra care should be taken not only for your own 
safety, but for the safety of men working with you. 2. Watch for danger signals; 
they are often unnoticed if there is not sufficient light. 3. Every manhole and 
place of refuge shall be kept constantly clear, and no refuse shall be placed therein, 
and no person shall in any way prevent access thereto. 4. The general condition 
of the timbering in the mine shall be safe. The men shall take all the necessary 
precautions to ensure the safety of the timber in the working places. 5. In all 
stopes where square sets are used, it shall be the duty of men working in stopes to 
see that the floors are properly centered on the caps, particularly after blasting, 
and spiked wherever deemed necessary 6. When working in heavy or untim- 
bered ground, care should be taken that there is plenty of room for a quick exit. 
All obstructions such as cars, wheelbarrows, etc., should be removed out of the 
way. 7. Existing winzes opening directly from the floor of the drift or stope 
must be kept covered by a substantial hatch or planking except when in use, at 
which time the passage to persons other than those working at the winze shall be 
barred off by a substantial rail across the roads of access to the openings. 8. The 
miners shall be responsible for the safety of the roof and walls of their working 
places. 9. In the mining, care must be taken in approaching workings thought 
to be filled with water, and the boreholes must be kept at least 20 ft. in advance 
of the drive. 10. Planking over sumps and ditches must be kept secure. 11. 
No candle or lamp shall be left burning in a mine when the person using the candle 
or lamp departs from his work for the day. Sconces must positively be used, 
except when candlesticks or carbide lamps are employed. Lights must be placed 
so that timber cannot catch fire. 12. Employees shall, or soon as it is discovered, 
inform the foreman or shift boss of the unsafe condition of any working place. 
13. Be sure that chutes are protected so that men cannot fall into them. 14. 
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Men are strictly forbidden to carry tools upon their shoulders in any drifts where 
electric wires are installed. It is very dangerous and may result in death. 15. 
Two openings to the surface are provided by law, except in the case of mines that 
are being opened. 16. Men should learn the different openings from their place 
of work, and their attention is called to signs at the intersection of drifts which 
direct them to shafts or outlets. 


Safety Devices.—Gates at stations and landing platforms in shafts, 
doors at manways, gratings at chutes, and covers over shaft and winze 
openings not in use should be provided. Ladderways should receive 
special attention, and platforms used more than occasionally should be 
provided with handrails at dangerous points. Switchboards and trans- 
formers should be protected by a wooden railing. Machinery should be 
protected by railing. Gears should be enclosed and belt runs railed off. 
Underground trolley wires should be placed at such a height as to prevent 
any possibility of contact, and where workers have to pass under them 
the trolley wire should be protected by wooden boxes. Electric cables 
in drifts, adits, and shafts should be thoroughly insulated and sus- 
pended from insulators in such positions as to preclude the possibility 
of interference. 

Hoists should be provided with overwinding and excessive speed 
stops that should operate automatically. Where these are not provided, 
detaching hooks should be used. Cages should be provided with gates 
and safety catches. 

In the surface plant all gears and belt runs should be protected by 
casing or railing. Guards should be placed on all circular saws and plan- 
ing machines. Wherever workers have to pass close to machines in 
operation, a housing should be placed about the moving parts of the 
machine. Accidents can be prevented by the systematic inspection of the 
mechanical equipment while in operation and the devising of housing or 
rail protection as required. 

Among the minor though important safcty devices are goggles and 
respirators. Samplers and miners engaged at tasks where rock chips are 
liable to be thrown should be required to wear heavy glass goggles. 
They are also necessary in machine shops when castings are being chipped 
or emery wheels are being operated. Respirators should be worn where 
workers have tasks in dust-laden air. Sample grinding, dry-crushing 
plants, chute loading, and rock drilling in raises and stopes necessitate 
the use of respirators except where special precautions are taken to elimi- 
nate the dust. 

The use of hard hats by miners engaged in shaft sinking and under- 
hand stoping as a safeguard against falling pieces of rock is now wide- 
spread. Hard-toed shoes, leg- and foot-guards, and heavy gloves also 
reduce the number of minor accidents. 
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Design of Underground and Surface Plant.—Much can be accom- 
plished by the engineer in designing the underground layout and equip- 
ment of the mine. Top and side clearance limits should be established 


for adits, drifts, and crosscuts. Car and locomotive clearances should be™ 


standardized in a similar manner. Underground machinery installations 
should also have certain limiting side and top clearances. Particular 
care should be taken in designing the details of illumination. All places 
where machinery is in operation should be especially well illuminated. 
Crossings of traveling and haulageways, stations, and landing platforms 
require good illumination. Refuge chambers, exits, traveling and haul- 
ageways require particular attention and the separation of haulage- and 
traveling ways should be provided for wherever possible. Ladderways 
should be carefully designed and lighted. For locomotive haulageways 
a simple system of block signals should be installed to preclude the possi- 
bility of collisions and to warn track repairers of the presence of trains. 
Chutes, chute gates, and skip loading pockets should be of such design 
that loaders are amply protected from possibility of injury. The size 
of all parts and the selection of the material should be such that an ample 
margin of safety is obtained in all underground structures. 

In the surface plant the track, machinery, and head clearances should 
be carefully considered. Machinery spacing should be such that the 
risk involved in cleaning and lubrication is reduced to a minimum. Foot 
planks and stairways should be designed of ample strength and provided 
with pipe or wooden railing. Shafting and pulleys should be placed 
so that workers cannot come in contact with them. Gears should be 
housed and belt and rope runs protected up to at least 4 ft. above floors. 
Where haulage is a feature of the surface plant, separate footways and 
over- or undercrossings should be provided and haulage tracks fenced off. 
Fire protection of both surface plant and underground workings should 
be provided for in the initial plant and development plans. 

Warning Signs.—Safety regulations are supplemented by warning 
signs placed at critical places. These signs should convey a specific 
warning and should be illuminated, to enable them to be read at a 
distance. Magazines and crossings of traveling and haulageways, 
chute openings, and other dangerous points should be marked. Direction 
signs indicating the direction to connecting manways and exit shafts are 
necessary. 

Safety Inspection.—Safety inspection and supervision play their part 
in the prevention of accidents where adequate provision is made for them. 
In a small mine, the superintendent and foremen must of necessity per- 
form this duty, but in a large mine a special inspector should be employed. 
A sufficient interval should be allowed between shifts to enable him to make 
the rounds and determine the condition of the working places. In most 
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coal-mining states the safety inspectoris the fire boss. His usual duty is to 
test rooms and entries for gas. To this might well be added the examina- 
tion of the roof, although this duty is more often placed in charge of the 
timber boss. In heavily timbered metal mines a fire boss usually inspects 
all stopes after the miners leave. At most mines, whether small or large, 
the working shafts are thoroughly inspected at least once each week, or 
every day where they are in bad ground. Hoisting ropes are inspected 
each day by a competent ropeman. The hoist should be inspected by 
each engineer before he assumes charge at the beginning of the shift. 
Workers coming off shift report missed holes and any dangerous condi- 
tions in the stopes to the shift boss of the oncoming shift. The usual 
practice is to bulletin such information on boards at the stations or at 
the shaft collar. The foreman and his shift boss make at least one round 
of inspection during their shift and give specific directions to the workers. 

The Cleveland Cliffs Iron Company employs a safety inspector, who 
is placed in charge of the safety department. His duty is to inspect 
all places where men are working or through which they are obliged to 
travel. He reports the failure to observe safety regulations and all 
dangerous conditions directly to the company’s agent, to whom alone he 
is responsible. His inspection visits are unannounced and serve as a 
check upon the men in charge of the mine. His report comprises a series 
of answers to definite questions, two groups of which are here given as 
an example. 


SHAFTS: 
1. Is protection at collar of shaft sufficient and in good order? (Rule 51) 
2. Is opening to shaft at timber tunnel properly protected and in good order? 

3. Is protection at shaft stations sufficient and in good order? 

4. Are there skip tenders and at what levels? (Rule 7) 

5. Is there a cage rider? 

6. What tools are allowed with men riding in skip, cage, or bucket? (Rule 

8) 

7. Are projecting tools properly lashed to hoisting ropes? (Rule 9) 

8. How often are timbers in manways cleaned? (Rule 22) 

9. Are they in good condition? 

0. Are working stations sufficiently lighted? (Sec. 26) 

1. Are there passageways at all levels around hoisting compartment? 

(Rule 44) 

12. Are they in good condition? 

13. Are there guides for the bucket? 

14. What style of crosshead is used? (Rule 15) 

15. What clearance is provided on guides? 

16. Is stopper securely fastened to hoisting rope at least 7 ft. above rim of 
bucket? (Rule 15) 

17. Are guides and crosshead kept in good condition? 
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18. Is there more than one outlet to surface? 

19. Are there connections between levels other than the main shaft? (Sec. 
38) 

20. Is the second outlet kept in good condition? (Sec. 38) 

21. Is condition of pipes, electric wires, and conduits safe? 

22. Are steam pipes covered or protected from accidental contact? 

23. Is the general condition of the compartment through which men are 
hoisted safe for men as regards lagging, timber, guides, etc.? 


GENERAL MINING: 

1. Is general condition of timbering or other means of support throughout 

the mine satisfactory? (Sec. 12) 

2. Are mine maps clear and accurate for purpose of inspection? (Sec. 22) 
. Are all dangerous places fenced off? (Rule 4) 
. Are proper danger signal boards displayed at all dangerous places? 

(Rule 4) . 

5. Are candles or lamps left burning after shift? (Rule 5) 
6. Are sumps securely planked over? (Rule 45) 
7. In passageways are roofs and walls securely lagged? (Rule 46) 
8. Are winzes and raises in direct line of drift? (Rule 47) 
9 ‘ 
0 
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. Are winzes, raises, and open stopes properly guarded? (Rule 48) 

. Are ladderways in winzes and raises located in drifts properly protected 
by hatches? (Rule 49) 

11. Are all chutes in winzes and raises properly protected by gratings? 

12. Is proper provision made for safety of men working at chutes? 


13. Are the communications between contiguous mines in good condition? 


(Sec. 39) 

14. What is the condition of ventilation in different parts of the mine? 
(Sec. 43) 

15. Are sufficient dry closets maintained? (Sec. 44) 

16. While the responsibility for the safety of the roof and walls in the indi- 
vidual places is upon the workman, are they also inspected by the super- 
intendent, captain, and shift bosses, and how often? (Sec. 45) 

17. Are the rules for safety pillars on boundaries observed? (Sec. 46) 

18. In approaching workings known to be flooded are proper precautions 
taken? (Sec. 37, Rules 32-33-34) 

19. Complaints from workmen—report, if any. 


In addition, a foremen’s safety committee, consisting of three mem- 
bers, makes periodic inspections in accordance with certain instructions 
issued by the company’s agent. The safety inspector accompanies the 
committee on their tour of inspection in the capacity of secretary.. He 
has no voice in the committee’s decisions. He prepares the report, which 
is reviewed and signed by the committee. A workmen’s safety com- 
mittee cooperates with the safety inspector and foremen’s committee and 
approves or recommends changes in the working conditions of each mine. 
A central safety committee, consisting of the company’s mine superin- 
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tendents, the head mining captain, the master mechanic, the secretary 
of the pension department, and the safety inspector, with the company’s 
agent as exofficio member, meets monthly and acts as a legislative body 
on all safety recommendations received from the foremen’s and work- 
men’s committees. A majority vote is recorded and reported to the 
company’s agent, and the recommendation, when approved, is put 
in force. The decision on all rules and regulations rests with the central 
committee. All accidents, whether fatal, serious, or slight, are reported 
to the central committee and carefully considered. Recommendations 
are made for avoiding the recurrence of preventable accidents. } 

The Anaconda Copper Mining Company maintains a safety organiza- 
tion consisting of a bureau of safety, which includes all the managers of 
divisions, a general safety committee, which includes the general manager, 
assistant general manager, and general superintendents, and a safety 
committee for each group of mines. Separate safety committees control 
at the reduction plants. 

The two safety organizations are exemplifications of the requirements 
of large mining companies and would be inapplicable to small companies. 
For such companies two committees, one including the superintendent, 
foremen, and shift bosses and the other selected from the workers, are all 
that would be necessary for the control of the inspection work. 

Annual, semiannual, or more frequent inspections are made by state 
mine or county inspectors where such officials are provided for in the 
governmental organization. Most state laws require an inspection of 
every mine at least once a year and the investigation of each fatal acci- 
dent by the inspector or deputy inspectors. Under the state law the 
mine inspector is required to see that the laws pertaining to safety in 
mines are obeyed. 

Legislation.—Legislation concerning safety regulations has been 
enacted in many mining states. In coal-mining states quite complete 
mining codes are usually in force. In metal-mining states the legislative 
enactments affecting the operation of metal mines are not so complete; 
in fact, they are quite fragmentary as a rule and sometimes poorly 
enforced. In some states the office of mine inspector is elective and in 
others appointive. In some the inspector is given discretionary power, 
while in others specific regulations are drafted into the law and he is 
charged with their enforcement. 

Safety Bonus and Safety Records.—Human inertia may tax the 
ingenuity of a manager in his efforts to make effective a well-planned 
system of accident prevention. How inertia can be overcome is illus- 
trated by the methods in use by the New Jersey Zinc Company, which 

1 System of Safety Inspection of the Cleveland Cliffs Iron Co. William Conibear, 
Trans. Lake Superior Min. Tnst., vol. 17, p. 94. 
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were described by B. F. Tillson at a meeting of the New York section of 
the Mining and Metallurgical Society of America. The company adopted 
the plan of offering a $200 prize at the end of the year to the mine boss or 
timber boss having the best record for freedom from serious accident. 
Subsequently the prize system was changed to a bonus system. 

The Anaconda company adopted an accident-prevention bonus 
system in 1935 for foremen and shift bosses based on accident experience 
but noncompetitive in character (see the bibliography). At the Union 
Pacific Coal Company a prize system was adopted, with competition by 
all underground employees (exclusive of foremen) who passed through the 
year without a lost-time accident; subsequently monthly cash prizes 
were given in addition to the annual grand prize. Speaking of this 
program, Eugene McAuliffe states that men are respondent to patient 
educative effort and a continuing appeal to their better side, rather than 
to wholesale disciplinary measures, and that some novelty that will 
engage and hold their attention must be employed if results are to be 
obtained in any effort as intangible as mine safety. A combination of 
persistent, patient educational effort, plus willingness of the management 
to assume full responsibility of leadership, plus a further attraction of 
material reward, will ultimately show results (see the bibliography). 

D. E. Woodbridge! pithily summarizes the whole subject of mine 
accidents and accident prevention in the following. 


In the pursuit of reform in conditions at mines, as-elsewhere, there is the dan- 
ger of going too far. The extremist for profit will view mine-safety expenditures 
with an eye to immediate costs of installation and operation, whereas the idealist 
will urge such a refinement of methods, such a thorough protection, and so wide- 
reaching a paternalism as will be unjust and will instill too great confidence in 
the minds of operators, and therefore produce carelessness. It is unnecessary 
to argue that there are inherent and unavoidable risks in industry. The fact 1s 
recognized by all except a very few unreasoning enthusiasts. Any system of 
safeguarding employees that minimizes their sense of personal responsibility 
tends to increase casualties. Many employers hold that safety precautions may 
be carried so far that this sense of personal obligation will not only be dimin- 
ished, but that it will be entirely destroyed. The responsibility for preventable 
accidents lies not with the employer alone, but with the employee as well. Both 
usually suffer through careless acts. No sentimental considerations, no effort to 
take a position where there can be no criticism of his zeal for safety, should cause 
one to forget that both parties are accountable and that they have duties equally 
important and urgent. 


COAL-MINE EXPLOSIONS 


Cause and Nature of Explosions.—Explosions are produced by the 
ignition of mixtures of marsh gas and air, marsh gas, air, and coal dust in 


1 TP. 30, U.S. Bur. Mines, p. 36. 
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suspension, and air and coal dust in suspension. Ignition may be caused 
by an open lamp, the opening of a safety lamp, the use of a defective 
Safety lamp, the lighting of a match, arcing from electrical switches, 
trolley wires, and electrical machinery, or a blown-out shot caused by the 
use of heavy charges of black powder, careless tamping, or both. 
Mixtures of methane and air may be purely local, and when ignition 
takes place the explosion rapidly propagates itself throughout the zone 
occupied by the explosive mixture. While gas explosions are usually 
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Fig. 315.—Diagram of temperature, pressure and flame meaurements taken in a coal 
i dust explosion test. (U.S. Bureau of Mines.) 

: local, they are liable by the stirring up of fine coal dust to spread through- 
out a mine. , 

G.S. Rice, describing the action of a dust explosion, states that where 
the ignition is produced by an explosion of black powder an initial ‘‘shock 
| wave” or ‘‘pioneering wave” is started, which travels at the rate of a 
/; sound wave. Tests have shown an average velocity of 1,150 ft. per sec. 
| The pressure produced by the shock wave increases up to 3 or 4 lb. and 
| decreases in intensity, though maintaining its velocity, as it progresses 
from the point of ignition. Dust is raised by the shock wave and burns 
| rapidly. There is an interval of about half a second before the pressure 
produced by the rapidly burning dust becomes noticeable. The explosion 
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flame takes from 14 to 1 sec. to traverse the first 100 ft. and then rapidly 
increases in velocity until velocities of 2,000 ft. or more per second are 
attained. The pressure rapidly rises as the explosion travels, reaching 
as much as 73 lb. per sq. in. at a distance of 350 ft. from the origin; 119 
lb. per sq. in. at 750 ft. has been reached. Where coal dust is in suspen- 
sion the explosion propagates itself throughout the dust zone and farther 
in most instances, on account of the ‘‘pioneering wave,” which raises 
additional dust as it travels. Figure 315 illustrates the pressure, flame, 
and velocity observations made of an explosion in the experimental mine 
of the Bureau of Mines. Rice states that coal dust in the proportion of 
0.032 oz. per cu. ft. was ignited, and Taffanel reports an ignition a a 
proportion as low as 0.023 oz. per cu. ft.1 

The prevention of coal-mine explosions has received the earnest 
attention of coal-mining engineers in all coal-mining countries. Eng- 
land, France, Belgium, and Germany have encouraged experimental 
investigation of the subject. Since 1907 the work of investigation in the 


United States has rapidly progressed and valuable conclusions have © 


been reached by the engineers and scientists of the Bureau of Mines. 
Prevention of Mine Explosions.—Gas explosions are prevented by 


thorough ventilation and by removing the causes of ignition. In gaseous | 


mines all open lights are forbidden and only approved forms of safety 
lights used. Trolley locomotives are allowed only on the intake airways. 
No uninsulated conductors are permitted in rooms or gaseous portions 
of the mine, and the motors and electrical switches used in such parts 
must be completely enclosed in explosion-proof enclosures of noninflam- 
mable material. Electrical equipment is now of the permissive type, 
which signifies that it has been thoroughly tested and has been approved 


by the Bureau of Mines for use in gaseous mines. Electrical coal-cutting | 
machines must be operated by miners competent to test for the presence | 


of gas, and such machines must not be operated for longer periods than 
half an hour without an examination for gas. Permissible explosives in‘ 
charges not more than 1.5 lb. should be used for blasting. Ignition of | 
blasts is effected by means of an electric current, which is switched on to 
the leads from a position outside the mine after the miners have com- 
pleted their shift and have left the mine. Where excessive quantities 


of gas are discharged in any part of a mine, working is discontinued in | 


that part. All workings are tested by fire bosses before workers are 


allowed to enter them. Frequent tests on the air coming from splits 


and the main return airway are made and the quantity of methane present 
is determined. Old workings are either completely sealed off or thor- 


} 
| 


} 


oughly ventilated. Doors and stoppings are carefully constructed and | 


‘Investigations of Coal Dust Explosions. G. 8. Rice, Trans. A.I.M.E., vol. 50, 
p. 552. See also Bull. 167, U.S. Bur. Mines. 
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their tightness is tested from time to time. Air currents are measured at 
regular intervals and the proper quantity of air is adjusted in accordance 
with the measurements. Pockets of gas are removed by bratticing as 
soon as detected. A recording barometer should be installed at each 
gaseous mine and attention should be given toits indications. It has been 
shown that in some mines a low barometer is coincident with an increased 
flow of gas into the workings. 

Coal dust varies in its susceptibility to ignition when suspended in 
air. It is necessary, therefore, to test the coal in a given mine and 
to determine whether a dangerous dust is formed. Clean coals, contain- 
ing a large proportion of volatile combustible, are especially dangerous. 
Preventive measures are the removal of the dust at regular intervals, the 
wetting down of the accumulated dust, the prevention of its general dis- 
tribution in the workings, and the elimination of all causes of ignition. 

Dry, dusty mines are especially dangerous. The winter season is 
more critical, since the ventilating currents tend to dry the air. Steam 
and water sprays are necessary to charge incoming air currents with 
sufficient water to prevent the drying out of the mine. While it is possi- 
ble to remove the dust from the haulageways, it is also necessary to wet 
it down thoroughly at frequent intervals. The coal dust should at all 
| times be sufficiently moist to ball up on the hand. Sprinkling cars are 
used to distribute the water; in some mines a water-pipe system is 
) extended throughout the mine and the water is distributed from hose. 
| Ribs and timbers are also washed down. The general distribution of 
) the dust along roadways is prevented by using tight metal cars for 
i haulage. End-dumping wooden cars should never be used in a dusty 
} mine. Calcium chloride in a solution ranging from 2 to 6 per cent has 
‘| been found efficient in some mines. Its use obviates the necessity of 
| of frequent wetting down, but ribs and timbers must be cleaned. To 
4) prevent ignition of coal dust, only permissible explosives must be used; 
/ coal must be undercut and not broken ‘‘off the solid”; holes must not be 
| drilled deeper than the undercutting or shearing; no more than two shots 
| should be fired simultaneously; where shots are fired from a station out- 
side the mine, the sequence of the blasts should be arranged so that the 
| first are on the outtake air and the blasts progress successively toward the 
| intake airway; holes should not be tamped with coal dust or small coal." 
The precautions enumerated under gas explosions apply to dusty mines as 


> well. 


The periodical sprinkling of generous quantities of rock dust has the 
| effect of rendering the coal dust less susceptible to explosion. G. 8. Rice 
), states that dry dustless zones do not stop or check an explosion; he advo- 
» cates the wetting of the dust throughout the mine or the use of inert 
ie, 2 Miners’ Circ. 3, U.S. Bur. Mines. 
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dust. He notes that the flame of an explosion has penetrated dampened 
zones 500 to 600 ft. in length. To prevent the propagation of explosions 
beyond a limited zone, Taffanel made use of rock-dust barriers. These 
consist of a series of shelves heavily charged with rock dust. They are 
placed at distances of 2 yd. apart, a shelf 20 in. wide being used. A 
barrier consists of 15 shelves placed across a roadway. ‘The shelves are 
tripped by the initial wave of the explosion and the inert dust is dis- 
charged into the air. The dust no doubt acts by cooling the flame 
temperature to a point below that of ignition. Rock-dust barriers have 
been found to be successful in stopping explosions. It is now a common 
practice to rock-dust all workings at intervals, except working coal faces, 
with a nonsiliceous dust. At working places coal dust is kept down by 
watering coal cuttings and coal piles. Empty cars are wetted down before 
being returned for loading. Frequent tests are made to determine 
whether coal dust accumulates in dangerous proportion. 


FIRES IN METALLIFEROUS MINES 


Most fires in metalliferous mines are preventable. The causes are 
the ignition of inflammable material such as timber, oils, and waste; 
carelessness with candles, lamps, and smoking; smoldering fuse resulting 
from a blast; overheated bearings on machinery; short-circuiting and 
overheating of electric wires; and spontaneous combustion. 

The methods of prevention are as follows: A close control of all 
inflammable material on the surface or underground is maintained. The 
amounts that are permitted underground are prescribed and their proper 
storage is provided for. Regulations covering smoking and the use of 
candles and lamps are drawn up and enforced by the foremen and shift 
bosses. A system of fire inspection is installed in all heavily timbered 
mines. Hand fire extinguishers are placed at critical points, and a 
water system and hose reels are installed at stations and heavily timbered 
stopes. A fire-fighting squad is formed and the men are trained in the 
handling of the fire apparatus. The possibility of fire breaking out in 
different parts of the mine and the surface plant is considered and methods 
of control are planned. Steel fire doors are placed on levels so as to aid 
in isolating a possible fire. A system of alarm signals for surface and 
‘underground use is installed. Stench warnings (ethyl mercaptan or 
amyl acetate introduced into the compressed-air pipe system) are effec- 
tive, though they are not suitable for use in air currents. 

When an underground fire has started, the first step is to get all the 
men out as speedily as possible. Measures are then taken to fight 
the fire. ‘These consist in bringing hose lines to the fire and endeavoring 
to extinguish it directly by the application of water or, where this is not 
practicable, by constructing bulkheads to prevent the fire from spreading 
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and to cut off its supply of air. Oxygen apparatus has made possible 
the more or less complete bulkheading of a fire. Without such apparatus 
bulkheads can be constructed only on the incoming air. Where control 
cannot be obtained in this manner the mine openings are sealed and the 
fire is smothered. Steam is sometimes turned into the workings with the 
same object. Flooding the mine is usually the last resort. 

Entering a mine in which a fire has been extinguished by sealing is 
attended with considerable risk, as the workings are charged with carbon 
dioxide and carbon monoxide. The oxygen apparatus should be used 
under these conditions. 

One of the great dangers in mine fires is that the men may be trapped 
in the mine. State laws require that every mine maintain at least two 
exists. In the Argonaut mine (California) two exits had been provided 
in accordance with the existing law. A fire occurred in the main working 
shaft, a downcast, at the 3,000-ft. level, while some 47 miners were at 
work upon the lower levels of the mine. The upcast was connected with 
an exhaust fan, the top of the shaft being closed with a stopping. This 
upcast shaft served as the second exit and was provided with a ladderway. 
Raises connected the lower levels with the upcast. The downward air 
current in the main shaft under the influence of the fan quickly filled the 
lower workings and the upcast with the gases from the fire. The trapped 
miners proceeded toward the upcast but were unable to get there and 
| bulkheaded themselves in, all perishing from the poisonous gases. Caves 
in the main shaft broke the compressed-air pipe, telephone, and signal 
| lines. Here, obviously, the second exit was insufficient. Mining 
| practice has evolved several possible methods of meeting a situation of 
) this kind: The maintenance of connections with neighboring mines at 
| critical levels; the construction of refuge chambers of gas- and fireproof 
| construction and provided with a water supply and a compressed-air 
line independent of the ordinary air mains; and a third exit. In the 
place of one or more of these expedients careful consideration should be 
| given to the equipment of dry timbered shafts with an automatic or 
| open-sprinkler system or the installation of an adequate fire-fighting 
system in the critical places in the shaft. Another alternative is the 
guniting of all shaft and station timbers. This has been tried and has 
| proved successful for a considerable period, but dry rot in many cases so 
weakened the timbers that guniting was discarded for such fireproofing. 
/ Another critical situation arising in mine fires is the effect of the fire 
| upon ventilating currents. Where the ventilation of a mine is natural, 
! the occurrence of a fire in the upcast merely accelerates the ventilating 
! current in the same direction. If it occurs in the downcast there is a 
| tendency to reverse the direction of the downcast air current. If the 
| ventilating head is too pronounced, the downecast air current will not be 


690 ELEMENTS OF MINING 


reversed and the gaseous products of the fire will be drawn downward. 
There is much uncertainty as to what will result under natural ventilation 
conditions where a fire occurs within the mine away from either inlet or 
outlet. The natural tendency is for the heated gases to rise wherever 
possible, as through connecting raises and stopes, and to follow the out- 
going air current. However, the volume of heated gases may be such that 
less resistance is encountered through the inlet passage, the result being a 
reversal of the air current. As a consequence of this uncertainty there 
has arisen in metal-mining practice a reluctance to do anything that would 
change the direction of the air currents after a fire has started under- 
ground. The turning of water down an upcast, for example, has been 
known to reverse the ventilating current. 

Under controlled ventilation the conditions are quite different. 
In practically all cases the established direction of the ventilation deter- 
mines the spread of the gases, for whereas a fire burns slowly against 
the ventilating current, it spreads and burns rapidly in the direction of 
the ventilating current. In mining practice there has arisen a tradition 
that has been formulated into a dictum: ‘‘ Never reverse the ventilating 
current.”’ By a little thought the-absurdity of holding tenaciously to 
this dictum becomes apparent. If the fire occurs on the outlet leg of the 
ventilating system, the zone between the fire and the outlet becomes 
filled with the gases produced by the combustion; that is, it becomes the 
dangerous zone. Clearly, to reverse the direction of the air current under 
such conditions would spread the gases in the opposite direction ‘all the 
way from the fire to the inlet. On the other hand, if the fire occurs on the 
inlet side of the ventilating system, the danger zone extends to the outlet 
of the mine. If the fan is shut off promptly, there is a strong prob- 
ability that the heated gases will rise and escape through the inlet; in 
the opposite direction the resistance is greatest, and it is unlikely that the 
gases would seek the line of greatest resistance. By the prompt reversal 
of the direction of the air current, the same conditions would be set 
up, only in greater degree. This is a specific case where the fan should 
at least be stopped, or, better, reversed. If the fire occurs in the heart 
of the mine (assuming controlled ventilation) the half of the mine between 
the fire and the upcast (outlet) would be filled with gas, while the half 
toward the inlet would be safe. Dead spaces on the fire side would be 
neutral, but diffusion of gases would eventually take place and pollute 
the stagnant zone. In this case there is nothing to be gained either by 
stoppage or reversal of the ventilation. In fact, with stoppage the gases 
would diffuse in all directions, and with reversal they would be driven 
back into the only safe part of the mine. 

What should be done to control ventilating currents when a fire starts? 
The important controlling factor is the situation of the fire in the mine. 
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The procedure then must result from an intelligent analysis of the situa- 
tion and prompt action to keep as large a portion of the mine as possible 
comparatively safe and freed from gases. 


FIRST AID AND RESCUE WORK 


First Aid.—The term is used to signify the assistance rendered a 
victim immediately after an accident and before competent medical 
assistance has arrived. While certain injuries are apparent and proper 
assistance can be rendered by persons who have received first-aid training 
and are accustomed to act in emergencies, there are other injuries that 
are not so readily diagnosed. Usually little harm can result from the 
application of bandages and splints, although there is always the possible 
danger of further injury to the victim. Where the nature of the injury 
cannot be determined by a superficial examination, it is a safe rule to 
treat the accident as serious and to handle the patient with the utmost 
care. An accident in a stope or other working place necessitates the 
removal of the patient to the shaft station. If he is unable to handle 
himself, a stretcher of such a type as to admit of being lowered easily in 
a manway or raise should be secured and used in removing him from the 
working chamber. Stretchers of this kind differ from the ordinary 
military type in that they are constructed of wire and are basket-shaped. 
Straps for securely fastening the patient are provided. A ring in the 
head end enables a rope to be attached for lowering through the manway. 
Each important station should be equipped with a stretcher of this type 
and a first-aid kit. 

At most mines the present practice is to train a certain number of 
the workers as first-aid men, who are called upon to render assistance 
when an accident occurs. The superintendent, foremen, shift bosses, and 
bosses should be required to take the first-aid training. It is necessary 
for them to assume charge and direct the work of removing the victims 
of an accident. 

At the surface a special room is set aside as an emergency hospital. 
It should be equipped with table, stretchers, hot and cold water, and a 
complete outfit of bandages and surgical essentials. A thoroughly 
clean, light, and airy room is desirable. It should be used for no other 
purpose. 

The details of first-aid training for miners are given in the Miners’ 
Edition of the American Red Cross ‘‘ Abridged Textbook of First Aid.’ 
The training squad is usually instructed by the company’s physician 
and meets at regular intervals. 

Mine Rescue Work and Rescue Apparatus.—The rescuing of miners 
caught in a mine fire or trapped in workings by an explosion necessitates 
the use of apparatus that will enable the rescuers to work in irrespirable 
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or poisonous gases. Two forms of apparatus are available for work of 
this kind. The first consists of a smoke helmet to which is attached a 
length of air hose, through which air is pumped to the wearer by a bellows 
placed in such a position as to command a supply of pure air. Apparatus 
of this kind is limited in linear range. By the use of compressed air a 
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greater length of hose can be used, and it is probable that a distance of 
500 ft. or more could be attained. Heise and Herbst give a range dis- 
tance of 600 ft. A speaking-tube attachment or a telephone is a desirable 

addition. The second form of apparatus is self-contained and comprises 
a supply of oxygen and a regenerator which removes the carbon dioxide 
exhaled from the supply, circulating in a closed circuit. The supply 
of oxygen is sufficient for from 1 to 2 hr. use. 

Figure 316 is a diagrammatic view of the Proto apparatus. The 
oxygen supply is contained in a pair of steel cylinders, each of which 
contains about 5 cu. ft. of oxygen compressed to 120 atmospheres or 
1,800 lb. per sq. in. The main valve H controls the supply. The oxygen 
passes through a reducing valve C, which regulates the flow so as to pass 
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from 1/4 to 2 liters per min. The oxygen supply passes from the reduc- 
ing valve to the breathing bag through the tube F. The breathing 
bag is constructed of rubber and is divided into two compartments by a 
rubber partition. The bag also serves as the regenerator, and for this 
purpose contains a 4-lb. charge of stick caustic soda. The caustic soda 
combines with the carbon dioxide. Air is in- 
haled through the inhaling valve 7 and 
through the rubber mouthpiece R, which is 
firmly gripped by the teeth and lips of the 
wearer and is strapped securely to the head. 
Exhalation is through the tube and exhaling 
valve S into the breathing bag. The saliva 
trap Z catches the accumulated saliva. A 
small relief valve K enables excessive pres- 
sure within the bag to be reduced. This is ac- 
complished by pressing the valve down with 
the finger. A pressure gage P enables the 
wearer to determine the amount of oxygen 
remaining. Each atmosphere of pressure in- 
dicates approximately a minute’s supply of 
oxygen. Smoke goggles protect the eyes from 
irritating gases. The breathing bag and oxy- 
gen cylinders are attached to a harness that 
enables the whole apparatus to be comfort- 
ably carried. A by-pass valve I enables the 
wearer to secure oxygen in the event of stop- 
page of the reducing valve. A nose clip Y 
prevents the accidental breathing through the 
nose. Figure 317 illustrates the apparatus 
as worn. The weight is 32 lb. 
The Draeger and Westfalia oxygen breath- Fie. 317.—Proto apparatus in 
ing devices have become obsolete in America. ae 
An apparatus similar to the Proto is sold to a limited extent. The 
Gibbs oxygen breathing apparatus, approved by the U.S. Bureau of 
Mines, is generally used in mining practice and has fulfilled the purpose 
as well as can be expected. It is shown in outline detail in Fig. 318. 
The capacity of the oxygen bottle is 270 liters at a pressure of 135 
atmospheres. The oxygen supply is sufficient for a minimum time of 2 
hr.; a maximum test, in which the wearer performed no work, records 10.5 
hr. The weight is approximately 35 lb. In the older apparatus it was 
necessary to operate a by-pass when the exertions of the wearer required 
greater than the normal flow of oxygen, but in the Gibbs apparatus the 
flow of oxygen is automatic. 
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4 
The oxygen flows through a closing valve into a reducing valve and 


thence past a safety valve through a brass tube in the cooler and then 
into the admission valve, through which it passes into another tube and 
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into the exhalation side of the cooler, through the regenerator (containing 
caustic soda) and into the breathing bag and thence to the inhalation 
tube. When the breathing bag is full the admission valve closes, shutting 
off the flow and holding the oxygen in the reducing valve, where the 
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pressure stretches the metallic bellows and shuts off the flow into the 
reducing valve. The oxygen gradually deflates the breathing bag 
and allows a bumper (weight) to rest upon and open the admission valve, 
replenishing the supply of oxygen. The mouthpiece contains two mica 
valves and a saliva trap, as shown in the figure. A nose clip and goggles 
are worn with the apparatus, which is carried by a harness strapped to the 
wearer. An outer case protects the entire apparatus. Figure 319 shows 
the apparatus as worn. 

As accessories to the oxygen apparatus, an electric lamp of the storage- 
battery type and a life line are used. It is 
necessary to test out the apparatus thoroughly 
before it is used, in accordance with a standard - 
procedure recommended by the manufac- 
turers. 

Special training is required before breath- 
ing apparatus can be safely used. The usual 
practice is to select carefully a suitable squad 
and to require the members to use the appa- 
ratus in a special smoke chamber at regular 
intervals. It is customary for rescue men to 
practice regularly. Details of the training 
course required by the Bureau of Mines can 
be obtained from the Bureau. 

The Bureati of Mines recommends that a 
rescue party should have not less than five — : 
members, preferably six. A relief station Jee oly cubbs. poxyaen 

’ reathing apparatus in posi- 
should be established at the last point where tion without cover. (Mine 
ventilation is effective, and here a relief crew ae Oe Gomer 
equipped with breathing apparatus! should be 
stationed ready to go to the assistance of the first party. Ata large mine 
at least four crews of six men each should be organized, two for outside 
and two for inside work. They should practice. 

Breathing apparatus and smoke helmets are used in emergencies and 
must, therefore, be kept on hand and in proper working condition. They 
should be examined and tested at regular intervals. The rubber parts 
deteriorate rapidly and require close inspection. ‘They should be a part 
of the equipment of all large coal and metal mines. Some state safety 
laws require a specific number of helmets in proportion to the number of 
miners. 

For work in and about surface and underground fires where there is 
danger of carbon monoxide and where there is a sufficiency of oxygen, 
the Mine Safety Appliance Company has introduced the Burrell Mask 

17 .P. 82, U.S. Bur. Mines, describes apparatus. 
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No. CO-50. In this apparatus a mask is attached to the head of the 
wearer and connects with a corrugated tube, an exhalation valve, and a 
canister through which the air is drawn. In the canister the air is 
purified by passing through a chemical compound called Hopcalite, 
which is between two layers of moisture absorbents consisting of pumice, 
sodium hydrate, and lime. The carbon monoxide is converted to carbon 
dioxide and absorbed by the moisture absorbents, leaving the air in 
a state of comparative purity. The air then passes through a heat 
exchanger, which cools it, and thence into the tube leading to the mask. 
A timer indicates the exhaustion of the canister, which will give approx- 
imately 2 hr. continuous or intermittent use. Another canister can be 
quickly adjusted. The weight of the mask and attachments is 6 lb. 
An all-service mask is also made for use in ammonia fumes, industrial 
gases, carbon monoxide, and illuminating gas. Like the first described, 
it can be used only where there is a sufficiency of oxygen. In all other 
situations the oxygen breathing apparatus is the only safe apparatus, 
and the Bureau of Mines recommends this for mine fires and use after 
mine fires. 

Accessory apparatus is used to some extent for the resuscitation of 
miners who have been rescued from a vitiated atmosphere or who have 
received severe electric shock. The lungmotor, pulmotor, Vivator, 
Pulvita, etc., are on the market. Respecting the use of apparatus of 
this kind, a medical committee selected by the Bureau of Mines disap- 
proved of the use of mechanical devices for artificial respiration and 
approved of the use of manual methods. They recommended the use 
of a simple breathing bag connected to a supply of oxygen, provided 
with a mask fitting over the face and containing inlet and outlet connec- 
tions and valves.! 


PENSIONS, DAMAGES, WORKMEN’S COMPENSATION 


Permanent disability or death as the result of a mine accident is 
settled by the mining company by giving a lump sum or pension or by 
damages awarded by a court of law to the worker or his-dependents. 
Neither of these methods has proved to be wholly satisfactory, and 
workmen’s compensation laws have been adopted by a number of states 
for the purpose of remedying the defects and securing equitable treat- 
ment to both employee and employer. Some of these laws have become 
cumbersome and exacting. State organizations administer the provi- 
sions of these laws, and some states maintain an insurance fund. Private 
insurance carriers often compete with state accident insurance and com- 
pensation organizations. Operators can usually elect to take out accident 


‘Report of the Committee on Resuscitation from Mine Gases. '.P. 7, U.S. Bur. 
Mines. 
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insurance coverage with either state or private companies. In all cases 
mine operators should be familiar with the specific provisions in the 
industrial compensation laws. 


MINERS’ DISEASES 


Mine workers are subject to certain diseases, which will be briefly 
described. 

Pneumonia is frequently the result of exposure to afterdamp pro- 
duced by a mine explosion. It is more commonly the result of exposure 
to sudden changes of temperature. The best preventive is a con- 
venient and comfortably warmed change house. Miners should be 
instructed to provide suitable overclothes so that when coming off shift 
and waiting at stations, which are usually cold and drafty, they can 
protect themselves. Change houses should be placed as close to shaft 
collars as possible. 

Rheumatism is the result of exposure to heat, cold, and dampness. 
Care in respect to these matters serves as the best preventive. Miners 
often object to the use of water sprays where dusty drilling is done, 
saying that the moisture causes rheumatism. Whether or not this is so 
is doubtful. 

Tuberculosis is associated with severe injuries such as crushed chest, 
strain, etc. It more frequently results from silicosis. In certain mining 
districts, especially in South Africa, it was a common disease. Tuber- 
cular miners should be removed from working crews, and working places, 
ladderways, and stations where miners congregate should be disinfected 
at intervals and kept clean. 

Silicosis is produced by the continual inhalation of quartz dust. 
The lung tissue is weakened by the accumulation of fine, sharp particles 
of rock dust. The working efficiency of the miner is reduced and he is 
especially susceptible to tuberculosis. Wetting down broken ore where 
it has to be handled by shoveling, the use of sprays where upper holes 
have to be drilled, the use of hollow steel and water in drilling, the pro- 
tection of the exhaust of rock drills, the practice of blasting at the end 
of the shift and giving sufficient time for the dust to settle, and the use 
of sprays at chutes will reduce the amount of floating dust to a minimum. 
In a dry, dusty mine these precautions should be taken. Good ventila- 
tion, good illumination, and short shifts are excellent preventives. 
Where dust cannot be prevented, respirators should be worn. Bag filter- 
ing units are sometimes installed at especially dusty zones and are effective. 

Anthracosis or coal miner’s lung is produced by coal dust. So far as 
is known, coal dust is not an irritant and its presence in the lungs pro- 
duces no ill effects. All inhaled dust, however, is considered unhealthy. 

Ancylostomiasis, or the hookworm disease, is apt to be found where 
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the underground , temperature is ‘in excess of 78°F. and excessive 
humidity rules. It was prevalent in the tin mines of Cornwall and Euro- 
pean coal mines. Its presence has been noted in California mines. 
The disease is parasitic in its nature. Cleanliness both of the person 
and of the underground workings, the sprinkling of salt solution about, 
and the avoidance of excessive moisture underground are said to assist 
materially in its control. 

Lead poisoning, or painter’s colic, sometimes attacks lead miners. 
Particles of lead mineral are accidentally taken with the food or get 
into the mouth from the dust that is inhaled. Thorough cleansing of the 
hands and person when coming off shift will to a considerable extent 
prevent this disease. The prevention of dust is essential. 

Mercury poisoning results in most cases from the accidental taking 
of fine particles of the ore into the system through the mouth. Clean- 
liness of the person and the elimination of dust are the best preventives. 
Where native quicksilver occurs, lime-sulphur solution sprays may reduce 
the salivation hazard. 

Typhoid is the result of unsanitary conditions. A well-protected 
water supply, whether underground or on the surface, is the first essential. 
The commissary should be protected from flies, and precautions should 
be taken to prevent the contamination of food. The sanitary arrange- 
ments on the surface and underground should be inspected at regular 
intervals. A liberal use of disinfectants should be encouraged. Careless- 
ness in respect to these matters not infrequently characterizes small 
mining camps. 

Malaria is a common disease, and its cause is well known. Protection 
from mosquitoes that carry the parasite is the first essential in the 
control of the disease. The next is the elimination of all breeding places 
of mosquitoes in the vicinity of living quarters. The first is done by 
screening doors and windows in living quarters, the second by drainage 
or by pouring crude oil on the surface of all pools of water. Malaria 
is especially prevalent in tropical countries and interferes with mining 
operations, often to a serious extent. 

‘“Soroche”’ or mountain sickness is peculiar to high altitudes. The 
physiological effects of altitude are obscure. Some people are greatly 
affected, while others notice scarcely any effects whatever. The charac- 
teristic disturbances are headache, nausea, vomiting, and frequently 
nosebleed. They usually pass off in a short time, but where they persist 
the obvious remedy is to go to a lower altitude. 

The engineering problem not only involves the steps required to 
control or prevent the diseases enumerated above, but also concerns itself 
with the preservation of the general health of the workers and the pre- 
vention of the diseases common in closely housed communities. Under- 
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ground the sanitary precautions necessary are provision for dry closets 
on the main working levels in the propcrtion of one to every 15 or 30 
workers. (The type selected should be such as to admit of convenient 
removal to the surface and ready cleaning. Closed buckets or cans are 
commonly used.) A supply of pure water for drinking purposes, drink- 
ing fonts of a sanitary type, and the removal of all lunch débris are 
necessary. At the surface change houses provided with locker, drying, 
and bathing facilities are essential. A sewerage system and facilities for 
garbage disposal are necessary adjuncts to the surface plant. Where 
mine camps or villages are required they should be carefully laid out. 
Camp sites should be selected on well-drained areas so located as to 
preclude ihe possibility of contaminating the water supply. Cesspools 
and a limited sewerage system should be provided. Garbage disposal 
should be effected by a furnace or deep pit at a considerable distance 
from the camp. Suitable garbage cans should be liberally used about 
the camp. Vaults and vault apartments should be tightly constructed 
and thoroughly screened and lime used liberally. They should be 
placed at a considerable distance from the camp. 

Mess and cook tents or buildings should be thoroughly screened, and 
their entrances should be provided with short double-doored vestibules. 
Protection against flies and mosquitoes is required in all structures used 
as living quarters. Sanitary regulations should be posted at several 
points in the camp and systematic inspection inaugurated to secure 
their observance. 


BIBLIOGRAPHY 
STATISTICAL: 


Metal and Coal Mining Accidents. Bull. 341, 342, U.S. Bur. Mines. Union of 
South Africa Mining Reports. 


MinrE EXpLosions: 


Prevention of Mine Explosions. Bull. 369, U.S. Geol. Survey. 

Coal Dust Explosions Investigations. J. Tarrane, Trans. A.J.M.E., vol. 50, 
p. 588. 

Coal Mine Explosions Caused by Gas or Dust. H. N. Havenson, Trans. 
A.I.M.E., vol. 50, p. 594. 

Investigations of Coal Dust Explosions. G.S. Ricn, Trans. A.J.M.E., vol. 50, 
p. 552. 

Causes and Prevention of Fires and Explosions in Bituminous Coal Mines. 
Miners’ Circ. 27, U.S. Bur. Mines. 


MIN» Fires: 


Fires in Metalliferous Mines. Trans. A.J.M.E., vol. 44, p. 644. 

The Pennsylvania Mine Fire, Butte, Mont. Trans. A.J.M.E., vol. 57, p. 237. 

Measures for Controlling Mine Fires at the Copper Queen Mine. Trans. 
A.I.M.E., vol. 59, p. 318. 


700 


ELEMENTS OF MINING 


Engineering Problems Encountered During Recent Mine Fire at Utah-Apex 
Mine. Trans. A.I.M.E., vol. 61, p. 204. 

Mine Fires and Hydraulic Filling, A.J.M.#., February, 1922. 

Underground Fire Prevention by the Anaconda Copper Mining Co. Trans. 
A.I.M.E., February, 1922. 

Gas Masks for Gases Met in Fighting Fires. 7.P. 248, U.S. Bur. Mines. 

Lessons from the Granite Mountain Shaft Fire, Butte. Bull. 188, U.S. Bur. 
Mines. 

Installation of Fire Fighting Equipment in Mines. B. F. Tituson, Trans. 
AJI.M.E., vol. 69, p. 341. 

Mine Rescue Standards. T.P. 334, U.S. Bur. Mines. 

Mine Fires and Hydraulic Filling. H. J. Ranmuy, Trans. A.J.M.E., vol. 68, 


p. 61. 


ELECTRICAL INSTALLATION: 


Electrical Switches for Use in Gaseous Mines. Bull. 68, U.S. Bur. Mines. 
Safeguarding Use of Electricity in Mines. H. H. Cuarx, Trans. A.J.M.E., vol. 
48, p. 216. 


GENERAL: 


Accident Prevention in the Mines at Butte, Montana. TJ.P. 229, U.S. Bur. 
Mines. ; 

Sanitation in Mines and Mine Towns. Eng. Min. Jour., vol. 96, p. 391. 

Control of Hookworm Infection at the Deep Gold Mines of the Mother Lode, 
Calif. Bull. 189, U.S. Bur. Mines. 
Siliceous Dust in Relation to Pulmonary Disease in the Joplin District, Mo. 
Bull. 132, U.S. Bur. Mines. 
Oxygen Mine-Rescue Apparatus and Physiological Effects. J.P. 82, U.S. Bur. 
Mines. 

Bureau of Safety of Anaconda Copper Mining Co. Trans. A.I.M.E., vol. 68, 
p. 8; see also Eng. Min. Jour., vol. 128, p. 340. 

Dust Respirators. T.P. 394, U.S. Bur. Mines. 

Lead Poisoning in Mining of Lead in Utah. T7'.P. 389, U.S. Bur. Mines. 

Silicosis among Miners. 7'.P. 372, U.S. Bur. Mines. 

Safety Work and Industrial Relations, International Nickel Co. Hng. Min. 
Jour., vol. 130, p. 431. 

Safety Methods, Phelps Dodge Corp. Hing. Min. Jour., vol. 126, p. 688. 

Industrial Welfare, Bunker Hill and Sullivan Co. Min. Cong. Jour., November, 
1931, p. 630. 

Safety, Calumet and Hecla Co. Min. Cong. Jour., October, 1931, pp. 555-68. 

Mine Sanitation. E. B. Wiuson, Trans. Lake Superior Min. Inst., vol. 17, p. 


iil 
Salivation Hazard in Quicksilver Mining. T. Soutn, Eng. Min. Jour., April, 
1942, p. 51. 
Ventilation and Dust Prevention in the Butte Mines. A. 8S. Ricnarpson, 7.P. 
969, A.I.M.E. 


Safety and Health Efforts of the Anaconda Company at Butte. J. L. BoarpMan, 
T.P. 993, AI.M.E. 

Fifteen Years of Safety Work in Bituminous Coal Mines. E. McAutrrrs, 7.P. 
958, A.J.M.E. 

Organization for Safety in the Portland Cement Association. A. J. R. Curtis, 
T.P. 859, AI.M.E. 


ACCIDENTS AND MINERS’ DISEASES 701 


Silicosis—Its Causation. B. F. Trnuson, Eng. Min. Jour., March, 1934, p. 121. 

Safety Practices at the Homestake Gold Mine. J. TREWEEK, Mining and 
Metallurgy, April, 1938, p. 177. 

Safety Work at Britannia Mines. N.D. Borawu.1, Trans. C.I.M. & M., 1940, 
p. 345. 

Prevention of Silicosis by Metallic Aluminum. Trans. C.I.M. & M., vol. 42, 
p. 238. 

Critical Analysis of Collapse in Underground Workers, Kolar Gold Field. A. 
CapLan, Bull. 463, 1.M. & M., November, 1948, p. 1. 

Fundamental Principles of Electrical Safety for Open-pit Mines. L. M. Frazen, 
Exploswes Engineer, September, 1940, p. 277. 

Control of Dust in Mines. T7.P. 637, A.J.M.E. 

Methods in Handling the Silicosis Problem in Ontario. G. C. Barman, T.P. 
822, A.L.M.E. 

Reaction to Different Types of Mineral Dust. L. U. Garpner, 7.P. 929, 
A.I.M.E. 

Suggestions for the Control of Silicosis. D. E. Cummines, 7.P. 930, A.I.M.E. 

-Methods of Sampling and Dust Determination, Mines of Ontario. G. H. C. 
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CHAPTER XIX 


EXAMINATION OF MINERAL DEPOSITS 


Purpose.—The examination of a mining property is undertaken 
chiefly for the purpose of determining its value. The motive may 
be the purchase of the property, the making of an investment in the 
stock, the borrowing of a sum of money, or the taxation of the property. 
Examinations are also sometimes made for the purpose of settling the 
ownership of conflicting mineral rights, for the study of possible exten- 
sions of known ore bodies or the discovery of new ones, for the checking 
of operations of a going mine, or for the planning of new equipment and 
facilities. The general study of a mine from the standpoint of safe 
operation is another feature which has recently come into prominence and 
which offers a special field for the technical expert. Mining engineers, 
geologists, and civil, hydraulic, and electrical engineers make the exami- 
nations insofar as they apply to the special fields of each. The present 
chapter covers only the details of mine examination for purposes of 
valuation. 

Types of Mineral Properties.—Mineral properties may be broadly 
classed into (a) undeveloped or prospective, (b) partially developed, and 
(c) fully developed properties. They may be further designated as gold, 
silver, gold and silver, copper, lead, lead and zine, iron, and nonmetal- 
liferous, such as coal, salt, and gypsum. Development workings may 
consist of test pits and boreholes or mine workings such as shafts, drifts, 
and crosscuts. The distinction first made implies that properties 
included under (a) afford only superficial information concerning the 
occurrence of the deposit, such features as size being unknown and 
accessibility for sampling being absent; that in properties under (b), 
access for measurement and sampling is possible in a part of the deposit 
only; that in (c) properties access for measurement and sampling is 
complete or almost so. Placer, iron, and disseminated copper deposits 
can in many cases be delineated and samples from them can be obtained 
by boring without the necessity of driving mine workings, and where it is 
possible to use this method the development and examination are simulta- 
neous. Fissure deposits of gold, gold and silver, copper, and other ores 
usually cannot be satisfactorily delineated by borings, and development 
by mine workings should be initiated as a preliminary to valuation. 
From time to time as development proceeds the engineer can make his 
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examination, or it may be carried out on the completion of a part or of all 
the development. 

Preliminary Examination.—A thorough inquiry into the general 
features is a necessary preliminary to the examination. The extent of 
this inquiry will vary in different instances. At least the geology of the 
locality, the type of the deposit, the topographical conditions, the natural 
resources of the immediate neighborhood, the condition of near-by mines, 
and questions involving title should be reviewed. The result of the 
preliminary examination is to bring forth the obviously limiting condi- 


tions of the problem. The limiting conditions are physical, economic, 


and political. As examples of physical conditions may be mentioned 
access, absence of water, excessive quantities of water, no natural re- 
sources, scarcity of labor, climate, the small size of the deposit, scanty 
mineralization, structural features that would interfere with the mining 
operations, conflicting mineral rights, and difficulties in mining and ore 
treatment. Examples of limiting economic conditions are large initial 
capital expenditure, high operating costs, and small profits. Examples 
of limiting political conditions are unstable government, questionable 
protection of titles, antagonism of resident population, and high duties 
and taxes. By anticipating the general features in this manner the 
engineer is in a position to plan his methods more clearly and to avoid 
wasting his time in a detailed examination where the limiting conditions 
preclude the success of the enterprise at the very beginning. 

Mine Sampling.—A reasonably accurate map is necessary as a pre- 
liminary to sampling. In a developed mine a map of the workings is 
usually available, and this is used as a base upon which to locate the posi- 
tion of the samples. In the absence of a map, an approximate one can be 
made with a Brunton pocket transit, or if greater accuracy is necessary 
a detailed survey is carried out and a map is prepared. Sampling need 
not be delayed, however, as known points can be selected to be tied in 
later by the survey, and from these points measurements can be taken to 
the sample cuts. 

Where there is a definite structure, as in a vein, samples are taken by 
cutting grooves across the width of the vein at intervals of 5 to 20 ft. 
along the strike. The groove is so cut as to represent each part of the 
width in equal proportion. In a wide vein separate samples are made for 
each 4 or 5 ft. of width. This is done on account of the impracticability 
of cutting equal weights from each part of the width. In narrow veins 
the sample is taken across the full width. In practice, the cutting of the 
groove varies from a series of chips taken from an area from 4 to 6 in. 
wide to a definite shallow channel 4 or more inches wide and 1 in. or more 
deep. The nature of the vein filling and the conscientiousness of the 
engineer in charge determine the thoroughness of the work. Where the 
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vein filling is soft and uniform it is a comparatively simple matter to cut 
a sample channel of more or less definite dimensions, but where it is hard 
and more or less fractured it is difficult to get a representative sample. 
In such a case, large pieces are knocked out; these must be broken and 
only enough of them to represent the place are placed in the sample. 
Alternating hard and soft bands present another difficulty. There is a 
tendency to get too much soft and not enough hard lodestuff in the sample. 
Where the banded structure is persistent, soft and hard bands can be 
separately sampled and measured. An erratic distribution of values 
requires large samples, 7.¢e., deeper and wider cuts than where there is a 


more uniform distribution. A massive vein or one in which any definitely — 


marked mineral distribution is absent can be channeled without regard 
to the walls. Very small, rich veins of irregular width present an espe- 
cially difficult problem. The sample width is sometimes taken from 3 to 
3.5 ft. and necessarily includes waste from either or both walls. The 
alternative method is to cut the sample along the course of the vein, 
taking as the width of the cut the width of the vein. The procedure in 
any one case can be decided only by a study of the mineralization and by 
taking preliminary samples and panning or assaying them. The experi- 
ence of the engineer is important in deciding on the best procedure. 
The appliances used in cutting the channel are moils and hammers 
for hard rock and a small chisel-ended pick for a uniformly soft 
vein. The prospector’s pointed pick is also used. Where compressed 
air is available a small air hammer such as is used by stonecutters 
is an excellent device. Under certain conditions the cuttings made by a 
rock drill can be taken for a sample. Two men are required, one to cut 
and the other to catch the sample in a box or bag. <A light metal or 
wooden box is convenient for some positions; for others a canvas bag with 
the mouth distended by a wire hoop is used. A convenient arrangement 


is to narrow the bottom of the bag and leave it open. It can then be used - 


as a funnel to fill the sample sack.» When it is used to catch the sample 
the lower end is tied. Canvas spread on the floor of a working is also 
used. 

The size of the sample taken will depend upon the dimensions of the 
cut. . The weights per foot of cut are given in Table 131. 


TaBLe 131 


Dimensions of cut 


¥6 X 3 in. | 1 x 4 | 1x4 | 2X4 


Wit. Lbs perbit.c wc eras 
Wi clbs persbstts.,. 046 tach mee 
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It is difficult to lay down any special rules respecting the weight of sample 
taken from each cut. Some engineers limit the weight to 10 lb., others 
to 20, while still others take a series of chips along the sample length with- 
out regard to any limit weight. Interrelated with the size of the sample 
is the spacing between sample cuts, concerning which two opposing 
opinions may be mentioned. One favors the taking of many closely 


‘spaced samples, each of small weight, while the other favors large samples 


spaced at longer intervals. On the whole, it is somewhat easier to take 
numerous small samples than large ones, and in many cases the theory of 
probability favors the former opinion. Probably the most satisfactory 
method of deciding the question is to take several trial samples from a 
representative part of the vein and compare the results of assays. 

The sequence of operations in taking samples is as follows. 


1. Mark the sample intervals along the drift by chalk or paint. 

2. Clean the strip at the place where the sample is to be cut, using water and a 
coarse brush. 

38. Cut the sample; crush and reduce by passing through a Jones sampler if neces- ~ 
sary. 

4. Place the sample portion in a numbered canvas sack. 

5. Record the number and position of the sample. 

6. Measure the width of the vein at the sample cut; determine the dip. 

7. Record any peculiarities of mineralization, or other points that might be 
pertinent. 

8. Make sketches of the vein structure at places where there are significant 
changes from normal conditions. 
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Fre. 320.— Sampling irregular surfaces. 


The measurement of the thickness of the vein and the taking of the 
sample is sometimes complicated by the conditions shown in Fig. 320. 
In a the exposure of the vein in the back part of the drift would necessitate 
the taking of three separate samples A, B, and C. The thickness of the 
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vein represented by each sample would be measured and the value 
across the full width of the vein would be determined by calculation. 
The alternative would be to square the exposure of the vein from wall to 
wall, as shown in b, before making the cut. Check samples are taken at 
regular intervals. These consist of taking a second sample from the 
groove or cutting another alongside. How many check samples should 
be taken is a matter of judgment. In an important examination more 
would be required than under other conditions. Check samples should 
be taken after systematic sampling and by a different sampling crew. 
Samples of waste are also occasionally taken and placed along with the 
regular samples, in order to detect any attempt at systematic salting. 
Occasionally a second set of check samples is taken with the same purpose 
in view. 

Samples for mill runs range from 10 to 50 tons. They are taken by 
drilling and blasting portions of the vein. The sample may be taken 
from a number of points evenly spaced along a given ore shoot, or it may 
be broken down more or less uniformly from the whole exposure of the ore | 
shoot along a given level. It serves as a check upon the smaller samples 
and of course will be taken only where milling facilities are available. 

The sampling of gold deposits where the gold is erratically distrib- 
uted presents peculiar difficulties. 8. J. Jennings describes an example 
of a mine in Alaska in which the ore was supposed to carry $2 per ton in 
gold value. Successive channel samples at 5-ft. intervals ranged from 
zero up to $12 per ton. Samples were finally cut over a strip 2.5 ft. 
wide along a crosscut for the full height. Each sample from a 12-ft. 
crosscut weighed 30 tons. The samples were crushed in a 5-stamp 
battery provided with a slotted screen equivalent to 60 mesh. The pulp 
was concentrated on a Wifley table, the tailing from the table being care- 
fully sampled. The concentrates were amalgamated in a barrel, and the 
tailing from the barrel was sampled. The sample value was computed 
from the weight of gold obtained, the tailing value of the table, the tailing 
value from the barrel, and the weight of the respective products. Results 
were obtained which checked. W. W. Mein, on the other hand, found 
that a large number of channel samples, taken from cuts 4 by 34 in. 
spaced 5 ft. apart, gave reliable results at the Dome mine (Canada).} 

Samples from boreholes are in the form of fine cuttings or sludge and 
cores. Where the churn or jetting drill is used, the sample is in the 
form of sludge; with the diamond or chilled-shot drill, part of the sample 
may be obtained as a core and part as sludge or the entire sample may be 
obtained as a core. As the bore penetrates the ore body a sample is 
taken for every 5 ft. of depth. In boring placers, the samples are taken 
for each foot of depth. The spacing of boreholes is determined by the 
type of deposit and the judgment of the engineer. Mining practice has 

1 Bull. 78, Min. Met. Soc. America, p. 177. 
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established more or less well-defined limitations. In boring disseminated 
copper ore deposits, for example, boreholes are put down at the inter- 
sections of a coordinate system, the unit of which is 200 ft. In the iron- 
ore deposits of the Mesabi Range, after a discovery has been made upon a 
40-acre tract, bores are sunk at 200- or 300-ft. intersections of a coordinate 
system, the unit of which is 100 ft. In the Oroville district (California), 
dredging ground is divided into 5- to 10-acre blocks and a single hole is 
drilled in the center of each block. In other instances the surface is 
divided into squares from 200 to 400 ft. on each side and a single hole 
is drilled in the center of each square. At Breckenridge, Colorado, 
holes were sunk 250 ft. apart. In Alaska, placer deposits in which the 
pay streak was erratically distributed required a shaft to each acre. 

In copper, lead, and zine deposits, sludge samples obtained by the use 
of the churn drill are generally accurate. Their accuracy depends upon 
the absence of any concentration caused by either the elimination of 
light gangue material or the breaking down of rich masses of ore from the 
sides of the bore. If the borehole is dry, only sufficient water is used to 
make the sludge fluid. If enrichment takes place from the sides of the 
bore, casing must be used and kept driven well down toward the bottom. 
If the bore is filled with water to any considerable depth, the churning 
action of the drill may serve to suspend more or less of the lighter particles 
of sludge and cause a moderate enrichment of the sample. This source 
of error may be expected to be more or less compensated for as the bore 
is deepened. In testing the accuracy of bore sampling in the Ajo district 
(Arizona), test pits and raises in sulphide copper ore gave results within 
an average of 0.05 per cent of the samples obtained by diamond drilling. 
Drift samples averaged 0.26 per cent higher than the assay value of 
blocks of ore, as indicated by drill holes at the corners of the block. It 
‘is of interest to note that samples on the same working, obtained from 
test pits by taking every tenth bucket windlassed out, averaged 0.15 per 
cent higher than channel samples cut on the completion of the pit.! 
A raise extended upon a churn-drill hole on the Sacramento Hill prop- 
erty of the Copper Queen Mining Company (Arizona) gives the follow- 
ing comparison. 


Churn-drill Sample, Per Channel Sample from Raise, Per 
Cent Copper Cent Copper 

3.66 4.00 
3.72 2.50 
4.18 3.40 
2.38 5.60 
5.78 4.50 
4.25 3.70 
2.82 2.80 
3.30 2.90 

Average 3.80 Bit AS, 


‘Trans. AJ.M.E., vol. 49, p. 605. 
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The channel samples were taken from 5-ft. lengths and the weight of the 
sample approximated 8 lb. per ft. of channel.t_ The comparison indicates 
differences of considerable magnitude, but these differences are almost 
compensated for when the average is taken. 

In sampling iron-ore deposits where the jetting drill is used, as is 
the practice in soft iron-ore deposits, the stream of water and cuttings 
are caught in several barrels. The coarser sludge settles rapidly; and 
unless steps are taken to settle the finer particles in suspension, the sample 
is liable to enrichment or impoverishment, depending upon the nature 
of the particles in suspension. Some engineers make allowance for the 
resulting error by comparing the results of a borehole and samples taken 
from a raise. The ratio of the average of both sets of samples is taken 
as a factor to apply to all other drill-hole averages upon the property. 
Where it is impracticable to handle all the water and sludge, at least 
several tests should be made of the accuracy of samples taken with a 
moderate degree of settling, compared with samples that have been 
completely settled. The careful sampler takes nothing for granted, but 
tests the accuracy of his samples experimentally. Nevertheless, where 
methods in a given district have been shown to be reasonably accurate, 
the practice thus established can be followed. 

The sampling of placer deposits by churn drills has its peculiar dif- 
ficulties. There is always the lability of enrichment or impoverishment 
from the sides of the bore. This is largely obviated by using casing and 
by drilling only a foot in advance, driving the casing, and then removing 
the sludge with a suction bailer. Where the gravel permits, the casing is 
driven in advance of the bit. The results of drilling are given in cents per 
cubic yard, and the volume of gravel removed is estimated by the dis- 
placement of the casing shoe foreach advance. It is obvious that in most 
cases slightly more gravel will be removed than is indicated by the’ 
displacement of the shoe. For example, the displacement of a cutting 
shoe 7.5 in. in outside diameter is approximately 0.01 cu. yd. per foot of 
advance (more exactly, 0.0113). The use of this volume would give 
results slightly higher than actual. By comparing the results of boreholes 
with test pits, Radford showed that the displacement of a 6.5-in. diam- 
eter casing should be figured as 0.27 cu. ft. instead of 0.23, the calculated 
displacement. This would give an increase of about 17 per cent of the 
calculated displacement. While this percentage increase could be used 
in the absence of more specific information, the engineer should test its 
application by comparing the results obtained with results from one or 
more test pits. To guard against the removal of excessive quantities 
of gravel, the amount removed for each advance should be approximately 
measured before it is washed. 

1A. Norman, Trans, A.I.M.E., vol 52, p. 457. 
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In diamond drilling in ore where complete cores are obtained, the 
core is used as the sample. Where only part of the core is obtained the 
sludge must also be saved. This can be done by filtering the flow from 
the drill hole through heavy burlap sacks. In working down the sample 
for a given length of bore, both sludge and core can be combined or both 
can be sampled and analyzed separately. Where separate samples are 
made, the unequal division of sludge and core necessitates the calcula- 
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Fie. 321.—Diagram used for determining proportions of sludge and core. 


tion of results. This is done by multiplying the respective results by the 
volumes of sludge and core, adding and dividing by the combined volume. 
To facilitate the computation of volumes, a diagram similar to that shown 
in Fig. 321 can be prepared and used. 

Grab samples are taken by picking a number of pieces of ore from a 
pile, the pieces being taken from points uniformly spaced over the pile. 
They are of service only where an approximate estimate of value is 
required or where there is a question as to the advisability of incurring 
expense for accurate sampling. 

Shovel samples are taken by reserving every fifth, tenth, or twentieth 
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shovelful for the sample. This method of sampling can be used where 
test pits are sunk. It gives usually an accurate sample. A similar 
method is the reserving of every fifth or tenth bucket of ore hoisted 
from a test pit. 

Specimen samples consist of picked lumps of ore that show marked 
characteristics of the ore body. They are selected to represent either 
the average grade of ore or some peculiar feature. They are of no 
value for the quantitative determination of value but are of considerable 
use in making studies of mineralization and for determinations of specific 
gravity. They also serve for the preliminary studies of the ore treatment. 

Sampling Placer Deposits.—Where the gravel bank is exposed from 
bedrock to the top of the bank, sample cuts can be taken at intervals 
along the exposure. The cut is carefully made, a wooden template 
being used to secure accurate dimensions. A canvas sheet is spread at the 
bottom to receive the cuttings, and a second piece of canvas is sometimes 
used to prevent the loss of flying particles. The coarse material is 
separated by hand and the fine measured by the number of miner’s pans. 
All the fine material is panned and the gold is recovered by amalgamation. 
A rocker is more convenient than the pan. The cut can be sampled 
a foot at a time, or it may be finished, all the material being worked down 
in one batch. 

Where the bank is not exposed, test pits are used where water is 
absent and churn-drill holes where it is present. The test pit is 3.5 
ft. in diameter, and all the material removed is used as a sample. A 
rocker or small sluice is necessary because of the bulkiness of the material. 
A wooden template is used to secure an accurate measure of volume. 
Channels are sometimes cut in the wall of the shaft. Vertical dis- 
tribution of the valves is determined by washing the excavated material 
in batches, each of which represents a foot or more of depth. Shafts and 
boreholes are placed in lines at right angles to the direction of stream flow. 
They are more closely spaced in this direction than in the direction of 
stream flow. Test pits are as a rule more satisfactory than boreholes, 
since a shaft 3.5 ft. in diameter will be equivalent to 30 or more drill holes 
in the volume of gravel afforded for washing. 

Where values are concentrated on bedrock, crosscuts are driven along 
the bedrock at right angles to the stream flow. These afford information 
as to the width of the pay lead. As the values in many cases penetrate 
the bedrock a foot or more, it is necessary to remove the upper surface 
of the bedrock as well as the lower stratum of gravel. In drift mines 
the returns are sometimes given in terms of value per square yard of 
bedrock. 

The washing of gravel samples is effected by pan, rocker, or sluice. 
Each sample is represented by a separate cleanup. The value of the 
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separate cleanups from a given shaft or bore is estimated by counting 
the colors. To check this estimate the individual portions are com- 
bined and amalgamated, and the amalgam is dissolved in nitric acid. 
The resulting gold is washed, ignited, weighed, alloyed, parted, and 
reweighed. ‘The fineness of gold varies in different placer deposits, so 
that its determination on one or more portions is essential. 

The compactness of the gravel, the proportion of fine material, 
the prevalence of large boulders, and the presence of clay are noted at 
each point where a pit or bore is sunk. 

Sampling Copper Deposits.—Where development workings are acces- 
sible, the channel method of sampling is employed. Where samples 
are obtained from churn or diamond-drill holes, the sludge from the former 
is reduced to about 50 lb. weight (dry) by running it through a sample 
cutter of the Jones type. The sample portion is received in a galvanized- 
iron tub. It is then dried, sacked, and sent to the assay office. The 
determinations usually made are copper, iron, silica, and sulphur. 
Occasional complete analyses are also made. The sludge is panned and 
the copper minerals present in each sample are determined. A detailed 
log of each bore is kept. 

Sampling Iron-ore Deposits.—The channel method of sampling is 
used in accessible workings. In soft ore bodies the jetting drill and 
in hard ore bodies the diamond drill are the usual methods for sampling 
from the surface of a deposit. The sample from the jetting drill is 
settled, surplus water is decanted, and the residue is dried in a metal tub 
or pan. Then it is cut down and a smaller sample is taken, or else the 
entire sample is sacked and sent to the chemist. Jron and phosphorus are 
determined on each sample. In some cases silica and alumina are also 
determined, and complete analyses of some of the samples are occasionally 
made. Where manganese occurs, its determination is essential. The 
hardness and texture of the iron ore are made a matter of record where 
the conditions permit of the determination of these features. 

Sampling Coal Seams.—In accessible workings samples are taken at 
widely spaced points and the thickness of the seam is measured. The 
layers of coal and foreign material are also measured. Where it is prac- 
ticable to separate a parting in mining operations, the coal benches are 
|. separately sampled by channeling. Where this is not practicable, the 
channel is cut from roof to floor. The coal sample is reduced in the 
usual manner, and the ash, sulphur, volatile combustible, and coke are 
determined. Calorimeter tests of heating effect are also made. Large 
samples are taken for washing tests. Small samples can be used for 
“float, and sink” tests that indicate the amount of removable foreign 
material. The hardness and texture and the presence of fracture planes 
are noted. Weathering tests of the coal are essential in some instances. 
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The directions for taking coal samples in use by the U.S. Geological Sur- 
vey are given in the following extract.! 


1. Select a fresh face of unweathered coal at the point where the sample is to 
be obtained and clean it of all powder stains and other impurities. 

2. Spread a piece of oilcloth or rubber cloth on the floor so as to catch the 
particles of coal as they are cut and to keep out impurities and excessive moisture 
where the floor is wet. Such a cloth should be about 11% by 2 yd. in size and 
should be so spread as to catch all the material composing the sample. 

3. Cut a channel perpendicularly across the face of the coal bed from roof to 
floor . . . of such size as to yield at least 6 lb. of coal per foot of thickness of coal 
bed; that is, 6 lb. for a bed 1 ft. thick, 12 lb. for a bed 2 ft. thick, 24 lb. for a bed 
4 ft. thick, etc. 

4. All material encountered in such a cut should be included in the sample, 
except partings or binders more than 3¢ in. in thickness and lenses or concretions 
of “sulphur” or other impurities greater than 2 in. in maximum diameter and 
Vg in. in thickness. 

5. If the sample is wet, it should be taken out of the mine and dried until all 
sensible moisture has been driven off. 

6. If the coal is not visibly moist, it should be pulverized and quartered down 
inside the mine to avoid changes in moisture, which take place rapidly when fine 
coal is exposed to different atmospheric conditions. The coal should be pulver- 
ized until it will pass through a sieve with 12-in. mesh, and then, after thorough 
mixing, it should be divided into quarters and opposite quarters rejected. The 
operation of mixing and quartering should be repeated until a sample of the 
desired size is obtained. When the work has been properly done a quart sample 
is sufficient to send for chemical analysis. This sample should be sealed in 
either a glass jar or a screw-top can with adhesive tape over the joint and sent 
to the chemical laboratory for analysis. 


Sampling of Tailing and.Waste Dumps.—Tailing dumps are pref- 
erably sampled by augers. The material from a given bore is thoroughly 
mixed and quartered down to a sample of from 10 to 50.1lb. Boreholes 
are spaced at, from 25- to 50-ft. centers. The depth of the bore or the 
thickness of the pile is measured at each point. Assays or analyses are 
made. . Waste dumps or low-grade ore dumps are sampled by either pits 
or crosscuts. Every tenth shovel is taken for the sample portion. 

Salting.— Artificial enrichment of ore faces or samples is called 
“salting.’’ Its purpose is obvious, and engineers have to be very much 
on their guard to prevent tampering with their samples or assays. Ore 
faces must not only be carefully cleaned at the sampling cuts but a 
careful examination of the ore itself must also be made. It is essential to 
have only trustworthy men on the sampling crews. Sample bags are 
gathered up and taken along with the sampling crew until a sufficient 
number have been collected to warrant a trip to the surface, where the 

1 Bull. 537, U.S. Geol. Survey, p. 106. 
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samples are turned over to the sampler for reduction or are stored in a safe 
place. Assay reagents should be tested where assays are made at 
the mine. The judicious intermixture of barren samples or samples 
containing known values with the mine samples will usually detect 
salting. Care and watchfulness are the principal safeguards. The seal- 
ing of sample sacks and storerooms where samples are temporarily 
placed is a precaution often taken. Salting is usually limited to gold and 
silver deposits. Other metalliferous deposits are sometimes salted but on 
the whole present a more difficult chemical problem to the dishonest. 
Computation of Averages.—The calculation of average values from 
a series of samples is best illustrated by assuming an example. Let the 
following weights and values of four different lots of ore be given: 


(A) 100 tons averaging $10 per ton 
(B) 50 tons averaging $ 5 per ton 
(C) 75 tons averaging $12 per ton 
(D) 90 tons averaging $ 8 per ton 


The average value of the four lots combined is equal to the sum of the 
products of weight and value per ton divided by the combined weight. 
The computed average value is $9.11 per ton. Weight may be considered 
as the product of length, width, thickness, and density factors, pounds 
per cubic foot. Four separate equations may then be written. 


(Ayesrotal value — fn x We < T. <Q, X * 0.0005-X< $10 
(B) Total value = Ly X W, X Ts X Q X 0.0005 X $5 
(C). Total value = lL, X W. xT. XQ. xX 0.0005 < $12 
(D) Total value = Lg X Wa X Ta X Qa X 0.0005 X $8 
Combined value= A +B +C 4+D 
combined value 

summation L X W X T K-Q 0.0005 
0.0005 = 000 or reduction of pounds to tons 

Q = pounds per cubic feet 


Average value = 


It is evident that 0.0005 is a common factor in both numerator and 
denominator and hence may be eliminated. If the ore is of uniform 
density the factor Q becomes a common factor and is eliminated. If the 
spacing between samples is uniform the factor W can be eliminated. If 
the spacing between levels (involving the factor L) is uniform, each 
sample would then represent half the distance between levels; this would 
be a common dimension for all and could be eliminated. If the thickness 
of the vein were constant this dimension could be eliminated. In the 
event of all dimensions of the four lots being the same, the arithmetical 
average of the separate values would be the average value of the lot. 
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The conditions for the four cases are graphically represented in F ig. 322. 
In most cases of Sampling veins the sample intervals are the same, the 
length of each separate block is likewise constant, and the density of the 


Fig. 323.—Unequal spacing of sample cuts. 


ore is sufficiently close to a constant value to be disregarded. The thick- 
ness of the vein and the value are the two variables that must be taken 
into account. The average is obtained by adding the products of the 
respective widths“and values and dividing by the sum of the widths. If 
the sample intervals are irregular, then each sample cut is assu 


med to | 
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represent the vein on either side up to a point midway between contiguous 
sample cuts. Figure 323 illustrates the case. The average is-the sum 
of the product of the thickness, width, and value for each cut divided by 
the sum of the products of width and thickness for each cut. In Fig. 324 
the average of a number of samples taken between and including the two 
end samples is figured by taking the sum of the products of widths and 
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5 Foot Interval-between Sample Cuts 
Fig. 324.—Equal spacing of sample cuts. 


values for the sample cuts B to H inclusive and half the sum of the prod- 
ucts of width and value of the end cuts A and J. This sum, divided 
by the sum of the thickness of sample cuts B to H inclusive plus half 
the sum of the thickness of sample cuts A and J, will represent the average 
value. It is customary to disregard the halving of the end samples 
where there are more than a nominal number of samples. 


Fic. 325.—Sampling by boring. 


The average value for a single borehole is figured by taking the 
arithmetical average of the separate samples where each represents a 
constant sampling length or, where this length varies, by multiplying 
the respective sample values by the lengths represented by each sample, 
adding and dividing by the total length sampled. The averaging of a 
series of boreholes admits of several variations. If the boreholes are 
at the intersections of a system of coordinates, we can assume that 
each square will be represented by the four holes on the corners. The 
average for the square is obtained by the sum of the products of the 
average value of each hole and the sample length divided by the sum of 
the sample lengths. The average for a series of contiguous blocks would 
be the sum of the products of each block’s average value and average 
depth divided by the sum of the average thickness (depth) of the blocks. 
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In Fig. 325, (1) is an illustration of a somewhat different method. Blocks 
6, 7, 8, 9, 11, 12, 13, 15, 16, 17, and 18 are given a weight of 1; blocks 1, 5, 
19, and 23 a weight of 14, and blocks 2, 3, 4, 10, 14, 20, 21, and 22 a weight 
of 14 in computing the average for the area represented by the figure. In 
(2), each block is represented by a single borehole in the center. The 
computation of the average value in this case follows the method first 
described. In the three cases the first would require 15 boreholes, the 
second 23, and the third 8 for the area shown in the figure. Of the 
methods shown in Fig. 325, (1) would give the greater degree of accuracy. 

If the sample, whether from a channel or borehole, is regarded as 
representing a volume or weight as illustrated in the first paragraph 
of this division, little difficulty will be experienced in calculating averages. 
The principle that each borehole includes an area bounded by lines 
drawn through the midpoints and at right angles to the lines connecting 
contiguous boreholes will enable the areal extent represented by each 
borehole to be rapidly determined. The same principle modified as 
described before applies to channel samples taken across veins. 

The five possible cases that arise in determining averages are sum- 
marized in the following rules. 

1. Weight X value of sample or average of bore 
. Volume X value of sample or average of bore 
. Area X value of sample or average of bore 
. Thickness X value of sample or average of bore 
Divide sum of products by sum of weights. 

Divide sum of products by sum of volumes. 
Divide sum of products by sum of areas. 
. Divide sum of products by sum of thicknesses. 

5. For arithmetical average divide sum of sample values by number 
of samples. 

In arriving at averages certain samples are sometimes abnormally 
high as compared with contiguous samples, especially in gold and gold 
and silver deposits. Engineers differ in their methods of computing 
averages under such circumstances. Some reject the high result and use 
an average of the two neighboring samples. Others resample, and if the 
same result is obtained use it in their computation. 

Volume.—The volume of ore developed in a vein is computed by 
measuring, by means of a planimeter, the projected area of the ore body 
on the map, multiplying by the secant of the average dip angle and by 
the average thickness of the ore body. In Fig. 326 the plan of two ore 
shoots is illustrated. The limits of the ore shoot between levels are 
obtained by connecting with straight lines the outer limits of the ore 
shoot on each level with the outer limits on the levels above and below. 
It is seldom that an ore shoot will fall exactly between such lines, as 
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ore shoots are as a rule irregular in outline, but these limits are assumed 
in the absence of more specific information. Separate determinations 
of the ore between neighboring levels can be computed in the same 
manner. ‘The continuity of an ore body between levels is more or less a 
matter of uncertainty unless the ore body is divided at points from 100 to 
200 ft. apart by raises. Even in cases of this kind, horses and other 
irregularities may occur and render the computation inaccurate. 

It is customary to make certain distinctions, in the different blocks 
of ore, on the basis of continuity. Ordinarily a block of ore contained 
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Fic. 326.—Classification of ore, blocks. 


between two levels 100 ft. vertically apart and exposed on the ends 
by raises is considered to have the continuity within the four exposures 
proved or reasonably certain. The continuity is less certain where the 
ore block is exposed on three sides, and still less so where exposed on two 
sides. Where it is exposed on one side only, continuity beyond a reasona- 
ble footage is very uncertain. Continuity cannot be considered as an 
abstract factor but takes into consideration the strength of the vein, the 
persistency of mineralization, the type of deposit, structural features 
such as faults and folds, and the presence of limiting formations such as 
an impervious stratum or a later intrusive. It is one of the trouble- 
some factors in mine examination and requires experience and a broad 
knowledge of the geological characteristics of different ore bodies. In 
Fig. 326 the different ore blocks with the exception of A, B, and C are 
exposed on two sides. If the ore body is strongly mineralized and the 
walls are well developed, the ore blocks can be assumed to be proved; but 
if the walls are uncertain and the mineralization is erratic, the ore will 
be classed as ‘‘probable ore.”’ In a strong ore body the extensions of the 
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ore shoots, blocks A, B, and C, might be considered as proved ore to a 
distance of from 50 to 100 ft. below the lowest level. Under opposite 
conditions the ore in these blocks would be classed as probable or ‘‘pro- 
spective ore,’ and as such might be allowed an extension beyond the 
lowest level of from 25 to 50 ft. ‘‘ Proved,” “‘probable,”’ and ‘“‘prospec- 
tive’? are terms of degree and measure the probability of continuity. 
They are sometimes exactly defined as ore blocks exposed on four sides, 
ore blocks exposed on two and three sides, and ore blocks exposed on only 
one side. While such definitions may answer in some cases, they cannot 
always be applied, since an ore block exposed on only two sides can be 
classed as proved ore under favorable geological conditions, while in 
other cases ore cut on four sides would justly be termed probable ore. 
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Fia. 327.— Classification of ore blocks. 


Figure 327 illustrates the different types of ore blocks and illustrates 
the distinction between proved, probable, and prospective ore. The 
much-abused term ‘‘ore in sight”’ is frequently used and may signify only 
proved ore or proved ore and probable ore together. Exact definition of 
the terms used in ore classification is essential in a mining report. 

The volume of irregular masses of ore can be computed approximately 
if sufficient measurements are available to determine the average length, 
width, and thickness. The product of the three average dimensions will 
give the approximate volume. Where the dimensional features of a. 
massive or lenticular ore body are determined from borehole data, the 
computation of volume is based on the construction of accurate sections 
of the ore body spaced at equal distances transversely to the main axis. 
The procedure is to measure the area of each section with a planimeter. 
The volume of ore between each pair of sections is the product of the 
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Mean area of the sections and the perpendicular distance between the 
vertical sections. The total volume is the sum of the separate volumes. 
Where a sufficient number of bores have been placed, an accurate estimate 
of volume is easily made. 

Figure 328 represents a hypothetical case in which the outer limits 
of the ore body are unknown but in which sufficient bore hole data for a 
volume estimate are available within the limits of the rectangle shown 
on the plan. The transverse sections are shown in the figure. The 
volume within the rectangle is calculated by the mean-area method 
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Fig. 328.—Extensions of known ore bodies. 


described before. The extension of the ore body outside the limits of the 
rectangle is a matter of conjecture. Some engineers would allow a lateral 
extension equal to the thickness of the ore shown in the outer drill holes 
and a longitudinal extension on either end equal to one-half the distance 
between the sections. The additional ore volume would be classed as 
prospective ore. As in the case of the ore shoot in a vein, lateral and 
longitudinal extension would be determined largely by a study of geo- 
_ logical conditions and the habit of similar deposits occurring under 
| like conditions. 

Density and Weight.—The reduction of the volume to weight requires 
the density of the ore to be known or experimentally determined. This is 
readily done in the case of compact ores by making a number of specific- 
gravity determinations on representative specimens of the ores Porous 
ores present a problem. Where a known volume of ore can be cut out, 
weighed, dried, and reweighed, the density of the ore in place can be deter- 
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mined quite accurately. Where it is impracticable to cut a known 
volume, approximate determinations can be made upon representative 
lumps by the sand-displacement method. The sand used must be 
thoroughly dry and fine. After the volume is determined, the lump 
should be broken up, thoroughly dried, and reweighed. From the 
volume and dry weight the density can be computed. _ 

All samples for analysis and assay are dried at from 100°C. to 
110°C. for at least 1 hr. The weight of most metalliferous ores is 
expressed by the short ton of 2,000 lb.; that of coal and iron ore in long 
tons of 2,240 lb. Where the metric system is used, the metric ton, 1,000 
kg., equivalent to 2,204.6 lb., is the unit. Where doubt exists as to the 
general applicability of the density factor, a reasonable factor of safety 
should be applied to the tonnage estimate. 

Gross Value.—The gross value is the product of weight and average 
value. The average value is computed from the market price of the 
metal or mineral. Except with gold, metal prices are subject to wide 
variation, and it is evident that the gross value will show corresponding 
variations. Average metal prices extending over the last 10-year 
period are sometimes used. Some engineers use the average metal 
price for the year immediately preceding the valuation. Abnormal metal 
prices should not be used, and the engineer should study the trend of 
prices of the particular metal and select a conservative figure. 

Recoverable Value.—lIt is seldom that all the ore in a given ore 
body is recovered in mining. The percentages have been given under 
Mining Methods. Usually no allowance is made for this factor, as the 
quantity estimate may be so conservative as to provide ample allowance 
for 5 or 10 per cent loss in mining. An allowance should be made where 
the mining loss exceeds these figures. 

In the treatment of an ore by ore-dressing methods, the cyanide 
process, or other methods, the percentage recovery ranges from 60 to 95 
per cent. Just what the percentage will be in any given case can be 
determined only by experimental tests and mill runs. In examination 
work the problem of ore treatment is carefully considered, since it is one 
of the limiting conditions. Where similar ores are being treated the 
percentages obtained can be assumed to apply to the particular ore. 
Tests should be made where there is any doubt. Such tests should be so 
conducted as to give the percentage recovery under practical working 
conditions. 

Sale of Product.—The product of a mine may be bullion, metal, 
concentrates, mineral, or ore. All are sold either directly to consumers or 
through agencies. Certain commercial requirements must be met, and 
the terms of payment and the penalties exacted for variation from com- 
mercial requirements or for various impurities differ for different metals 
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and products. In the introductory chapter examples of the conditions 
under which mineral products are sold were given and need not be 
repeated here. The difference between the gross recoverable value and 
the sales value is sufficiently large to require thorough investigation of 
the conditions under which the product must be sold. Freight and 
sampling charges, agent’s commissions, and all other expense involved in 
the marketing of the end product when deducted from the gross sales 
value will give the net sales value.! 

Net Value.—The net value of the unit of ore is the difference between 
the net sales value and the cost of mining and ore treatment. Net 
value as thus defined is the profit obtainable from a unit of ore. With 
‘very few exceptions, either a mine plant or mine and ore-treatment 
plants are necessary before ore can be produced or the products therefrom 
placed upon the market. An initial investment of capital is required 
to provide the facilities for working. The capital requirements are 
influenced by the size of the plant, the locality in which it is erected, 
and the cost of machinery, supplies, and labor. The cost of operating the 
plant is influenced by the methods used and the cost of labor, supplies, 
and power. The following analysis indicates the more important fea- 
tures of the cost of the plant and the operating costs. 


I. Plant Cost—Mine Plant, Ore-treatment Plant 

First cost: 
1. Preliminary engineering, preparation of plans and specifications 
2. Machinery, supplies, and building material 
3. Freight and transportation 
4. Erection 
Upkeep cost: 
1. Repair and maintenance 
2. Improvements and extensions 
Overhead cost: 
1. Interest and depreciation on plant investment 
2. Insurance and taxes 

II. Operating Cost—Mine and Ore-Treatment Plants 


Mine: 
: oes Breaking, support, transportation, development, illumination, 
2. Supplies haan f 
ventilation, drainage 
3. Power 
Treatment plant: 
1. Labor 
2. Supplies > Crushing, sizing, concentration, ore treatment 
3. Power 
III. Superintendence and Control 
Mine: 


1. Manager or superintendent 
2. Foremen and shift bosses 
1 The Buying and Selling of Ores and Metallurgical Products, C. H. Fulton, 7.P. 
83, U.S. Bur. Mines; Rukard Hurd, Iron Ore Manual of the Lake Superior District. 
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3. Engineering staff, surveyor, sampler, assayer, electrician, mechanical engi- 
neer, etc. 
4. Timekeeper, accountant 
Treatment plant: 
1. Metallurgist 
2. Foremen and shift bosses 
3. Chemist and assayer 
IV. Miscellaneous 
. Accident or compensation insurance 
. Office expenses 
. Interest on stock of supplies carried 
. Legal expense 
. Consulting engineer 
. Pensions and extraordinary expenses 
. Welfare expense 
. Tax on output 
. Royalties 
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The difference between income and outgo is used in computing 
the value of a mineral deposit. The total tonnage multiplied by the net 
value will give the total profit, and from the total profit the present 
value can be computed. It is evident that costs must be closely esti- 
mated in order to forecast the profit accurately. In a new property an 
exhaustive study of conditions influencing costs must be made and certain 
‘margins allowed to cover unknown or unusual conditions. Experience 
and actual acquaintance with mine operation are necessary qualifications 
for estimating costs. Where the mine is in operation, working costs can 
be determined by a careful analysis of the accounts. Where other mines 
in the vicinity are in operation much detailed information can sometimes 
be obtained and a more accurate forecast made. 

The final summary of the engineer’s ore estimate will be given in 
terms of gross value and net value for each classification of ore, whether 
proved, probable, or prospective. 

Present Value.—The total profit obtainable from the mining of the 
ore bodies in a mine is not the value of the mine. If it were practicable 
to remove all the ore and market it in a very short space of time, the 
total profit would be a close approximation of the value of the mine; but as 
this is obviously out of the question the time element must be con- 
sidered as an important factor in determining value. The rate of mining 
and the rate of return expected form the two other factors. 

The term “present value”’ can be more clearly comprehended if we 
imagine it to represent a sum of money which it is proposed to invest in 
amine. The sum thus invested is expected to return each year a fixed 
proportion of the total. The profits of the mine must also be sufficient 
to repay the capital either in equal annual installments or in the form of 
an annual sum of money placed at compound interest during the life of 
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the mine. If the first method is followed the equation of present values 
becomes 


Present value + nr present value = Total profit 


The term n is the number of years required to exhaust the property at a 
given rate of working, while r is the rate of return expected. The equa- 
tion is given in simplified form as 


Total profit 
1+ nr (1) 


Present value = 


If the return of the invested capital is provided for by the method of 
placing a fixed sum each year at compound interest, the equation becomes 


Total profit 


Present value = n(annuity rate + 7) 


(2) 


The annuity rate for various rates of compound interest and fixed time 
periods can be found in engineers’ handbooks. 

If the life of the property can be accurately determined, the rate 
of return becomes the most important factor in determining present value. 
The rate of interest on mortgages ranges from 5 to 6 per cent, and the 
security given is from 50 to 100 per cent greater than the sum loaned. 
Mining investments are assumed to involve a greater risk, and as a conse- 
quence a higher rate of return is expected. Ore estimates are more or 
less uncertain in amount, prices vary, markets are sometimes greatly 
depressed, and the expected profits may be reduced. Equally must be 
considered the probability of higher prices, greater extraction with 
improved methods, lower working costs due to increased efficiency, 
and the possibility of discovering new ore shoots. The element of per- 
sonal judgment, as well as a careful review of the salient economic fea- 
tures, influences the selection of the rate of return. A minimum rate of 
return would be from 7 to 8 per cent. 

In Table 132 are assumed a total profit of $1,000,000, an interest 
rate of 10 per cent, and three time periods—5, 10, and 20 years. The 
present value has been computed for each case and for each equation. 

The importance of the time factor is brought out by the compara- 
tive figures. This factor is determined by the rate of working. A large 
annual tonnage requires a larger initial investment for the plant, and 
while the presumption is that the larger tonnage could be treated at a 
lower operating cost and thus compensate for the increased cost of the 
plant, it by no means follows that such expectations would be realized 
in every case. Too large a plant is as objectionable as too small a plant. 
It is difficult to lay down any fixed ratio between ore reserves and annual 
tonnage. Some engineers assume a life of 10 years and plan the annual 
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tonnage accordingly. The difficulty of securing sufficient capital usually 
restricts the scale of operations. 

The present value decreases with a high rate of return and increases 
with a low rate. Theregsis a considerable difference between the present 
value as determined by equations (1) and (2) for the same rate of return. 
The choice between the two results is largely a matter of opinion and 
to some extent depends on the financial policy of the company. The 
dividend paid may include the annual allotment for the redemption of 
the capital invested, and under these conditions equation (1) could be 
used. If the company sets aside from the annual profit a yearly fund 
to be invested in income-paying securities for the redemption of the 
original capital and pays to shareholders as dividends only a given 
percentage rate on the investment, equation (2) could be used. 


TABLE 132 
I II III 
Motel protit wecrtacsnaa te estew era ns a kee eRe ore $1,000,000 |$1,000,000 $1,000,000 
Raterob- return per: Celitee a ae. ran ee 10 10 10 
(nietuntiyicats aaa ee ele oe Ree ee ee ree 5 10 20 
Presentivalues hq: mae cee eee eer ere 666,666 500,000 333,333 
Anita ip arvana Gin trae ered are non ee 200,000 100,000 50,000 
interest returns ie7 ee aie oc cr eee caer 66,666 50,000 33,333 
AnmuUaleretunny of Cap iual retin eee 133,333 50,000 16,667 
Bresentivalue sb g a(2) scpotepente eat ra ar anes 704,225 545,553 374,251 
ATMA payin ent a street gene anes ee eee 200,000 100,000 50,000 
Pnterestaretunnn te ss eee ee ake eee eee 70,422 54,555 37,425 
PS OvaUUU Nc Aeecrie tne, mer eeM ome” Le MORE Co peeorecras tet ces ord 129,577 45,444 12,575 
Annuityerate sper Cenitnnienrdeh eee bas eee 18.4 8.33 3.36 
Return on present value* Eq. (1), per cent...... 30.0 20.00 < 5200 
Return on present value,* Hq. (2), percent...... 28.4 18.33 13.36 
a a a ee a ee re le 


2 Annual percentage of present value. 


Partially Developed Mines.—The preceding discussion of present 
value assumes that the ore deposit is in a condition appreximating 
complete development. The principles established could be applied to 
the developed portion of any mineral deposit. The value of a partially 
developed deposit is problematical, since both the quantity and value of 
the undeveloped portion are unknown. The important question to the 
engineer is the probable extent of the ore bodies. The experience of the 
engineer and his knowledge of ore deposits, together with a detailed 
study of the geological conditions of the ore body in question, serve to 
give commercial validity to his predictions. The engineer must deter- 
mine whether the development is partial to a limited degree or closely 
approximates complete development, for in the former the undeveloped 
- extensions may be of far greater importance than the developed ore, and 


EXAMINATION OF MINERAL DEPOSITS 725 


in the latter the probable extensions may be unimportant in their relation 
to the value of the deposit. While sales of partially developed properties 
are often made on a lump-sum basis, a conditional sale involving pay- 
| ment of a royalty on ore developed and worked in excess of that shown by 
the development workings at the time of the sale is more equitable to 
both parties. ; 

Prospects do not admit of valuation in accordance with any fixed 
principle. They are sold either on a lump-sum basis or under a working 
bond. In the latter case a fixed sum is stipulated and the buyer agrees 
to do a certain amount of development within a given time. The results 
of the development determine whether the sale is made. 

Too many engineers are prone to adopt rigid rules in arriving at 
the valuation of partially developed mines and prospects, and as a 
consequence reject properties that eventually become in time active 
mines. The fact that every prospect is a potential mine until proved 
| otherwise should not be overlooked. Protecting a client from possible 
loss is highly desirable, but to cause him to lose an excellent property by 
overconservatism is equally reprehensible. While the risk in pur- 
chasing prospects is often great, nevertheless there is frequently the 
possibility of large profits. Thoroughly developed mines are necessarily 
sold on narrow margins. Prospectors are as a rule highly optimistic 
and the asking price of a claim may be prohibitive. The tactful handling 
of the question of price is essential, and reasonable terms can be arranged 
in some cases by a just consideration of the interests of both buyer and 
seller, 

Deposits producing minerals that are sold under intensely competi- 
tive conditions may well be placed in a separate class. Their value 
depends on the development of a new market or entry into an established 
market already fully supplied. Under the latter condition an energetic 
sales organization is a necessary feature. Time and considerable outlay 
are necessary before the product can be placed on an equal footing with 
its competitors. These factors must be taken into consideration in 
estimating the value of a deposit of this class. 

Deposits that show a reasonably large quantity of mineral but 
values too low to. admit of a profit under the existing conditions, or 
) for which a market is absent or where railroad rates to the nearest 
| market are prohibitively high, cannot be termed valueless. The term 
| “speculative value” is applied to such a deposit. Time, developments 
) in ore treatment, expansion of markets, new markets due to increase in 
) population, and increased transportation facilities are the factors that 
change speculative value into real value. There are no fixed rules for 
determining speculative value. A careful study of all the conditions 
that in time might create a market for the mineral, an estimate of the 
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time required, and a prediction of the future selling price might enable 
an engineer to make a rough approximation of the present speculative 
value. Prices are nominal in amount where properties of this nature are 
bought and sold. ; 

Factors of Safety.—An accurate estimate of quantity and average 
value can be secured where development workings are sufficiently 
numerous, but in the absence of sufficient development the estimate is 
approximate. 

Where many samples have been taken the average value may very 
closely approach the actual average value and no discounting factor 
may be necessary, but under the reverse conditions, some discounting 
factor is necessary with a small number of samples. Herbert C. Hoover 
states as the result of his experience that there is a discrepancy between 
the estimated value and the recovery plus the value in the tailing. In 
specific examples this discrepancy ranged from 10 to 12 per cent in the 
Rand gold mines and 12 per cent at three Broken Hill lead mines.} 
Individual factors can be applied to volume, density, average value, 
selling price, and recovery estimates, each factor being selected after a 
careful consideration of the conditions that might unduly increase each 
estimate, or a single factor could be applied to the final estimate of value. 
Operating and plant costs are apt to be underestimated. 

Report.—The result of a mine examination, whatever its purpose may 
be, is drawn up in a written report. This may be an elaborate or a 
terse presentation of facts and conclusions. The following outline 
summarizes the main features of a report: 

Name of property—ownership, description 

Geographic position—access, climatic conditions, natural resources 

Limiting conditions 

Geological conditions—type of deposit, structure, mineralization, wall rocks 

Development workings - 

Working plant 

History—past production, costs, profits 

Ore estimate—average value, proved ore, probable ore, prospective ore 

Ore treatment—recoverable values, product, marketing product 

Costs—mining and ore-treatment plant 

Net profits 

Valuation 

Conclusions 

Locality map; claim map; mine map showing development, ore shoots, and posi- 
tion of samples 

Some engineers preface their report with a condensed statement of 
the important conclusions, thus giving prominence by position to the 
vital conclusions that logically follow the presentation of the observed 
facts. 


‘ “Principles of Mining.” Herbert ©. Hoover, p. 12. 
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square-set mining, 503-504 
sublevel, 504, 505, 508 
subordinate, 501 
top slicing, 504-506 
and shrinkage stoping, 506-507 
tunneling, 534-542 
underhand stoping, 501-503 
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shrinkage stoping and, 599 
sludge samples, 73 

sublevel stoping and, 597-598 
water circulation, 73 

wear of diamonds, 75 


Diesel engines, 188,. 189, 280, 410, 411, 


465, 643 


735 


Dip and strike, 12 
Dipping needle, 33, 34 
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malaria, 698 
mercury poisoning, 698 
pneumonia, 697 
rheumatism, 697 
silicosis, 697 
soroche, 698 
tuberculosis, 697 
typhoid, 698 
Discharge pipes, 254-256 
Ditches, drain, 233-239, 265 
Dobbel, C. A., 50, 83 
Donovan, P. W., 543 
Doors, 297 
explosion, 297—298 
Draeger and Westfalia breathing appara- 
tus, 693 
Dragline dredging, 483-489 
barges for, 485 
costs, 487-488 
equipment, 487—489 
operating time, 488 
Dragline excavators, 405, 408-411, 457— 
458 
alluvial mining, 457 
bucket action, 409, 410 
capacity, 410 
equipment, cost of, 487-489 
open-pit mining, 443 
power equipment, 411 
submerged digging, 410 
time cycle, 410 
walker, 410 
Drainage, 230-276 
bailing, 239-240 
bibliography, 274-276 
bulkheads, 272-274 
by-passing and sealing off water, 239, 
365-366 
cost of, 265-269 
dewatering in advance of working, 
270-272 
ditches, 233-239, 265 
economics of, 235-236 
engineering data, 236-237 
fissure water, 233 
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Drainage, hot water, 274 
methods of, 237-242 
occurrence of underground 

230-232 
in mining districts, 232-234 
open pits, 431-432 
properties of water, 234-235 
pumping, 240-269 


(See also Pumping; Pumps) 


special problems, 269-274 


water, 


tapping neighboring workings, 272 


tunnels, 233-239, 265 
unwatering mines, 269-270 
water doors, 272-274 
Drake, F., 376 
Dredge, gold 469-475 
accessory equipment, 472 
Becker-Hopkins, 468, 475 
buckets, 472 : 
capacity, 474-475 
deep digging, 473-474, 480 
depth of digging, 473 
examples of, 473 
hull construction, 470, 472 
. hull types, 474 
operation of, 475-481 
Perry idler, 473, 480 
power, 474 
save-all tables, 470, 471 
types of, 468-469 
water supply, 479-480 
Dredging, 468-489 
alluvial deposits, 468-489 
bibliography, 495-496 
cost of, 475 
deep digging, 473-474, 480 
difficult digging, 480 
dragline, 483-489 
frozen ground, 481—483 
tailings, disposal of, 479 
Drift, defined, 499 
Drift mining, 493-495 
Drift sets, 383 
Drifter, hammer drill, 90-93 
drilling rates, 93 
sizes and weights, 92 
use for, 93 
Drifting, 534-542 
Drifts, 331-334, 338, 517 
bibliography, 545-546 
equipment for driving, 588-539 
footwall, 560 


Drill holes, blasting, 146 
burn-cut rounds, 155, 158-159 
chambering, 138 
conditions, 138-139 
depth of, 115 
diameter of, 114 
rounds, 115-116 
shaft sinking, 157 
spacing, 115 
stoping, 157 

Drill mountings, 108-111 
columns, 168-109 
Jackleg, 109 
jumbos, 109 
Mexican setup, 109 
tripods, 109 
wagon drills, 110-111 

Drill rods, 107 

Drill rounds, 115-116 

Drill steel, 102-104 
breakage, 103 
changes of, 113 
distribution of, 108 
sectional, 103-104, 597 
stuck and broken, 117 

Drilling, air pressures, 101 
bibliography, 119-120 
for blasting, 86-120 
through boulders, 60 
chilled-shot, 76-78 
depth of holes, 115-116 
hand augers, 55 
hand methods, 86-87 
operation, 101—102 
percussion, 100-101 
power drills, 88-101 
rate of, 58, 87-88, 101, 113-115 

hand augers, 55 
reaming wear upon bits, 101 
removing cuttings, 112 
rock classification, 100, 401-403 
wet, 112-113 

Drills, bits (see Bits) 
chilled-shot, 76-78 
churn, 57-62, 88-90, 529 
core, 54 
diamond (see Diamond drill) 
Empire, 55-57 
Hammer, 90-93 

hand-held, 938-95 
stoper, 95-96 
hydraulic rotary, 62-63 
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Drills, jetting, 63 
power, 88-101 
rock, future of, 111-112 
rope, 57-62 
rotary, 86, 90, 96-100 
bits, 97 
hand-held, 96 
Jeffrey car-mounted, 97-98 
principal field of, 99 
seismograph blastholes, 90 
strip borer, horizontal, 98, 99 
weight of, 96 
Turbo, 92 
wet, standards for, 113 
Drill-sharpening, equipment for, 117-118 
Drop cuts, 425 
Drullard, H. R., 382, 521 
Dry placering, 490 
Duckbill loader, 187, 608 
Dumping, 418 
Dunn, F. S., 99 
Dust, coal, 281, 684-688 
concentrations, 282 
explosions, 684-688 
impinger, 288-289 
konimeter, 288 
particles, 281 
counting of, 288 
‘rock, 281 
sulphide, 281 
thermal precipitator, 289 
Dutoitspan mine, 584 
Dyer, G. S., 479 
Dynamites and _ permissibles, 
135-138 


use of, 


E 


Eagle Picher mine, 197 
Earth waves, velocities, 41 
Eaton, Lucien, 215, 221, 583 
Eavenson, H. N., 603, 604, 617 
{ Education of workers, 677 
’ Efficiency, labor, 637 
management, 637 
mechanical, 636-637 
pumping, 243-244 
staff, 637 
Himco-Finlay loaders, 182, 183 
Electrical prospecting, 45—48 
Electrode, nonpolorizing, 45 
Elevating grader, 412 
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Elevators, hydraulic, 462, 465 
Ruble, 466 
shaft, 209 
Elsing, M. J., 197, 395, 534, 542, 620 
Elton tunnel, Utah, 539 
Emma Nevada mine, 593 
Empire drill, 55-57 
Employment, metal and nonmetal mines, 
672 
Engineering, 21-22 
Engineering and Mining Journal, metal 
prices, 8, 9 
Engineers, 631 
Engines, diesel, 188, 189, 280, 410, 411, 
465, 643 
(See also Locomotives) 
gasoline, 643 
Entries, coal mine, dimensions of, 517 
E6étvés, torsion balance, 38-39 
units, 39 
Equipotential lines, 46 
Eve and Keys, applied geophysics, 46 
Examination, of mineral deposits, 720- 
728 
bibliography, 727—728 
factors of safety, 726 
mineral properties, types of, 702-703 
preliminary, 703 
purpose, 702 
report, 726 
. salting, 712-713 
sampling, 703-712 
of rocks, 31-33 
Excavation, 405-419 
appliances, 405 
measurement of, 404 
methods of, 405-419 
special, 418-419 
trench and foundation, 386-387 
Excavators, 405-415 
alluvial mining, 489-490 
bucket capacities, 407-408 
continuous-bucket, 412 
dragline, 405, 408-411, 457-458 
dredge, 418 
(See also Dredge; Dredging) 
locomotiye crane and bucket, 405, 411 
power shovels, 405-408 
Exit signs, 649 
Experimental work, research, 656 
Explosions, coal-mine, 684-688 
gases produced by, 281 


738 ELEMENTS OF MINING 


Explosions, nature and cause of, 684-686 


prevention of, 686-688 
Explosives, 122-173 

(See also Blasting) 
bibliography, 172-173 
black and pellet powder, 134-135 
blasting caps, 129 

electric, 180-131 
blasting warnings, 139-140 
blockholing, 140 
bombs, 140 
cartridge count, 126-127 
chambering or springing, 138 
classification of, 127 
composition of, 124-126 
consumption of, 124 
contact blasting, 140 
containers, 126-127 
density of, 127 
deterioration of, 134 
detonating rate of, 125 
drill-hole conditions, 138 
dynamites, 135 
firing of, 128-130 
fuse, 129 

detonating, 129 
gases from, 123 
grading of, 122, 163 
handling, 123, 134 
heat liberation and temperature, 123 
liquid oxygen, 127 ‘ 
mudecapping, 140 
pour-type, 126 
ratios, 159-162 
sensitiveness, 125 
stemming, 139 
storage of, 123, 134 
tamping sticks, 139 | 
toxic fume, 126 
water resistance of, 125 
weight of, 164 


F 


Face, defined, 548 
Face entry, defined, 499 
Fairbanks Exploration Co., 482 
Fans, 302-308 
connections for, 306 
rating of, 305-306 
surface arrangements, 306-307 
types of, 302-305 
Farnham, L. 8., 217 


Fatalities, causes of, 673-674 
rates, 672-674 
Transvaal mines, 674 
Filing system, 629 
Filling, Bunker Hill and Sullivan Mining 
Co., 574 
compression of, 379 
horizontal layers, 386 
incline, 558 
materials used, 379 
Noranda mine, 598 
shrinkage of, 379-380 
waste rock, 377-380 
Fire protection, 649 
Fire zones, 309 
Fires, gob, 311-312 
metalliferous mine, 688-691 
First aid, 691 - 
contests, 677 
(See also Rescue work) 
Fisher, G. R., 48 
Flin Flon mine, 200, 533 
Float, prospecting, 23 
Floors, square-set stoping, 569 
Fluorescence, minerals, 32-33 
Folinsbee, R. E., 32 
Foraker, C. B., 312 
Foreman, duties of, 632-633 
selection of, 675 676 
Forepoling, 346, 364, 523 
Foundations, 386-3887 
Frasch method, sulphur mining, 614-615 
Freezing method, shaft sinking, 525-527 
depth possible, 526 
heat absorption, 526 
Oetling method, 526-527 
French, 8. F., 435 
Frood mine, 232, 514 
Frozen ground, dredging, 481-483 
Fuller, J. I., 584 
Fulton, C. A., 486 
Fuses, Cordeau-Bickford, 566 
detonating, 129 
igniting, 141 
safety, 129 
storage, 134 


G 


Galvanometer, 132-134 
Gangue, definition of, 1-2 
Gardner, C. W., 491 
Gardner, E, D., 119 
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| Gardner Denver Co., 93, 182 
Gas detectors, 289-292 
_ Gases, blasting, 281 
| mm coal mines, 278-281 
combustion, 280 
from engines, 280 
exhalations, 280 
fires and explosions, 281 
methane, 278 
physical properties of, 283-284 
underground, 17, 277 
Gate, mother, defined, 499 
| Gathering service, coal mines, 176 
| Gauss, unit of magnetic force, 36 
| Geological age, prospecting, 28 
| Geologist, mine, 631 
| Geophones, 44 
| Geophysics, 33-52 
} anomaly, 33 
dipping needle, 33 
Hotchkiss superdip, 35-36 
electrical methods, 45-50 
gravimetric methods, 38-40 
magnetic methods, 34-38 
miscellaneous methods, 50 
resistivity, 48-50 
| seismie methods, 40-45 
| Gibbs breathing apparatus, 693, 694 
| Gibson, C. S., 286 
| Gob fires, 311 
| Go-devil, 559-560 
| Goggles, 679 
| Gold, classification of, 451 
' concentrates, purchase of, 10 
content per acre, 452 
deposits, sampling of, 706 
distribution in sluices, 464 
dredge, 469-475 
nuggets, 451 
ore, sale of, 8 
production, 6 
quicksilver losses in dredging, 491 
Golden King mine, 596 
‘Goodman Manufacturing Co., 182, 184 
Governmental contacts, 20-21 
| Grader, elevating, 412 
Grades, 518 
. Gragerhoff, I., 123 
_ Granby Company, 599 
/ Grant, F. R., 205 
Gravel pumps, 465 
| Gravimeters, 40 


Gravimetric methods, geophysics, 38-40 
Gravitational anomalies, 39 

Gravity gradient, 38 

Gravity plane, stoping, 559 

Greenberg, L., 288 

Grizzly chamber, 444-445, 587-590 
Grizzly level, Miami mine, 589, 590 
Ground sluicing, 453-454 

Guides, 218-219, 356 

Gunite, 391-393 


H 


Halite, 397 
Hammer drills, 90-96 
Hammon, W. P., 468 
Hand augers, 55 
Harley, G. Townsend, 180 
Harrer, C. M., 217 
Hats, hard, 679 
Haulage, 191-193 
(See also Transportation) 
Haulageways, design of, 517-518 
Hawkesworth, A. L., 104 
Head box, 462 
Hedges, J. H., 180 
Heiland, C. A., 37 
Heise and Herbst, 692 
Helmets, smoke, 692, 695 
Henderson, R., 593 
Heywood, G. R., 103 
High Ore mine, 232 
High wall, coal strip pits, 441 
Hill, Dr. L. E., 287 
History, mining enterprises, 17—19 
Hofman, J. I., 80, 82 
Hoisting, 200-226 
bibliography, 227—229 
bucket dumping, 225 
buckets, 214, 225 
cage, 200, 214-219, 387-388 
capacity, 225, 226 
crosshead, safety, 214 
fleet angle, 212 
gates, 219 
headframe, 224 
incline, 203 
lead, 212 
loading hoppers, 217 
overload power control, 206-209 
power demands, 205 
rope attachment, 212-214 
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Hoisting, ropes, 209-213 Hydraulic mining, 461-468 
life of, 211-212 bed rock cut, 463 
safety controls, 222-223 bibliography, 495 
safety factor, 212 cost of, 467 
shaft arrangements, 218 giant, 462-463 
signal systems, 221-222 gold in sluices, 464 
skip, 201, 214-220 head box, 462 
speeds, 209 hydraulic elevator, 462, 465 
stations, 219, 223-224 phosphate rock, 437 
supplemental, 209 piping over sluice sides, 466 
surface arrangements, 224-225 pumping water for, 467 
systems of, 202 quicksilver losses in, 492 
vertical, 203 Ruble elevator, 466 
Hoists, 202 sluices, 463 
Amplidyne control, 207 stacking tailings, 466 
bibliography, 227-229 stream pollution, 467 
brakes, 205 water required, 466 
clutches, 204 Wimmler, 466 
direct drive, 203 Hydraulic rotary drill, 62-63 
drums for, 204 Hydrogen, 283 
elevator, 209 Hydrogen sulphide, 284 
examples of, 207 detection of, 292 


gear drive, 203 


grip sheave, 202 I 
Ilgner-Ward-Leonard control, 206 Idaho-Maryland mine, 524 
Koepe, 202 Igneous rocks, gases in, 277 
Lilly control, 223 Ilgner-Ward-Leonard control, 206 
motors for, 205 Illumination, 314-317 
power control, 206-207 coal mines, 314 
power demand, 205 lamp house and servicing, 317 
Regulex control, 207 metal mines, 314 
rope attachment, 212-214 miner’s lamps, 315-317 
safety controls, 222-223 , open pits, 314 
stretcher-bar, 209 reflecting signs, 314-315 
types of, 203-205 stationary, 314-315 
Ward-Leonard control, 207 Impinger, 288-289 
Hollinger mine, 355, 634 Incline, defined, 498 
Homestake mine, 7, 171, 577, 578 Ingersoll-Rand Co., 78, 90, 92, 96, 246, 
Hookworm disease, 697-698 247 
Hopcalite, 696 Injuries, causes of, 673, 674 
Hot water, handling, 274 Inspection, safety, 680 
Housel, W. S., 397 Inspiration mine, 206, 541, 592 
Housing, 630 Insurance, unemployment, 662 
Hubbell, A. H., 195, 268, 433 Interseebions) supparviod aay 
Hubbert, M. K., 49, 50 Iron mining, bibliography, 447, 623 
Humidity, relative, 284-288 mee ss 
chart, 287 ‘ open-pit, 433-434 
Hutchins, John P., 460, 467, 484 pee aL 
Hydraulic cartridge, 128 J 
Hydraulic elevator, 462, 465 Jacket sets, 381-383 


Hydraulic giant, 462-463, 466 Jackleg, 109 
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Jackson, C. F., 180 
Jacobs, A. W., 159 


- Jeffrey Manufacturing Co., 182, 304, 305 


Jennings, J. T., 261 
Jennings, S. J., 706 
Jetting drill, 63 
Jig backs, 199 
Johnson, J. A., 112 
Johnson mine, 592 
Jolliffe, A. W., 32 
Joseph, E. H. A., 286 ° 
Joshua Hendy Iron Works, 214 
Joy loaders, 181-182, 184, 608 
Judson powder, 159 
Jumbos, 109 
Carlton adit, 537 


K 


Kantner, W. H., 396 

Katathermometer, 287 

Keiser, H. D., 222 

Kemsley, C. G., 103 

Kennecott mine, 7 

Kennedy mine, 15, 353 

Kimberly diamond mines, 506 

Kind-Chaudron system, shaft boring, 524 
rate of sinking, 530 

King mine No. 8, 355, 358, 359, 592 

Kinzie, R. A., 445, 446 

Koebel, F., 64 

Koen, J. J., 64 

Koepe hoist, 202 

Konimeter, 288 

Kothny, G. L., 81, 84 

Kotze, Sir R. N., 288 

Kumke, C, A., 107, 596 


L 


La Grange mine, California, 464, 467 
Labor, 633-638, 676-677 
account, 659-662 
compensation, 635-636 
contract work, 636 
discipline of, 677 
division of, 634 
efficiency of, 637 
living quarters, 630 
number required, 634 
output, 634-635, 637-639 
ratios, 540 


Labor, report forms for, 637-642 
selection of, 634, 676-677 
training, 676-677 

Lackawanna sheet pile, 386-387 

Lagging, 355, 357, 375-376 
fireproof, 376 
load intensity, 375 
pegs, use of, 376 
pressure indication, 375 
resuing, use in, 564 
shafts, 358 
staging used in, 357-358 
steel plates, 376 
strips, 355 

Lamps, miner’s, 315-317 

servicing and repair, 317 
weights of, 317 
Lanagan, W. H., 491 


Lancha Plana, dredging operations, 481 


Lange, A. V., resuing, 563 
Larry cars, 416 
Larson, C. L., 388 
Latouche mine, 566 
Lavender, H. L., 235, 576 
Lawson, W. C., 435 
Le Tournea, R. G., 412 
Leaching ore, underground, 615 
Lead ore, concentrates, sale of, 11 
Lead poisoning, 698 
Lead sets, stoping, 576 
Ledge matter, definition of, 1 
Legislation, safety, 683 
Leitch, R. D., 235 
Level, bulldozing, 565 
defined, 499 
interval between, 505 
main level plans, 505, 507 
Lilly hoist control, 223 
Limestone mining, 438, 446-447 
Lindqvist, O. V., 162, 598 
Liquid oxygen explosive, 127-128 
Living quarters, 630 
Loaders, mechanical, 181—184 
Athey stock-pile, 415 
capacity of, 183 
coal, 607-608 
Conway, 182 
dimensions of, 184 
dipper, 182 
Himeo-Finlay, 182, 183 
Gardner-Denver, 182 
Goodman, 182, 184 
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Loaders, mechanical, Jeffrey, 182 MclIntyre-Porcupine mine, 159 
Joy, 181-182, 184, 607, 608 Maclennan, F. W., 588, 591 
Meyers-Whaley, 182, 184 McLeod, G. D., 75 
St. Joseph shovel, 181 Maffeo, J. 8., 273 
Sullivan, 182 Magee, J. F., 485 
track-mounted, 182 Magma mine, 202, 232, 286, 313, 594 
Loading, 177-184 Magnetic methods, geophysics, 34-38 
bibliography, 228-229 Magnetometers, 35-36 
chute, 177-178 Mahnomen mine, 416 
duckbill, 187, 608 Mahr tunnel, Peru, 539 
open-pit mining, 428 Mainsentry, defined, 499 
scraper, 180-181 Main level, defined, 499 
shoveling, 178, 180 Malaria, 698 
shrinkage stoping and, 599 Mammoth mine, 582 
shuttle car, 187-188 Management, efficiency of, 637 
Locke, A., 27, 51 principles, 628-630 
Locomotive cranes, 405, 411 Manager, mine, 628 
Locomotives, 188-193, 416 Manhattan, Nev., dredging at, 481 ( 
compressed-air, 189 : Manometer, 286, 306 
diesel, 188, 189, 280 Manway, construction, 381 
electric, 189 definition of, 548 
gases from, 280 Marion Steam Shovel Co., 442 
haulage by, 188-193, 416 Mask, Burrell, 695-696 
steam-storage, 189 Masonry, 345-346, 359 
storage-battery, 188 steel and, 344 
trolley-type, 188 timber and, 341-344 
Long-face mining 610 Mather mine, 353 
Long-hole stoping, 162 Measurements, excavation, 404 
Longtin, D. G. 64, 72 Mechanical efficiency, 636-637 
Longwall coal mining, 600-601 Mechanical engineer, 631 
development plans, 509-511 Mechanization, coal mining, 607-613 
Longyear, E. J., Co., 64, 67, 72 Melones mine, 577 
Loose ground, timbering in, 346 Mercury poisoning, 698 
Lord, H. S., 488 : Mesabi mine, 504, 651 
Louis, Henry, 35 Metal mines, transportation, 174, 192 
Lundberg, Hans, 47 ventilation, 308-309 
Lungmotor, 696 Metalline tunnel, Washington, 539 
M Metallurgical engineer, 631 
Methane, 279-284, 290-291 
M scope, 48 Meyers-Whaley loaders, 182, 184 
Maas compass, 79-80 Miami mine, 587—592 
McAuliffe, Eugene, 684 Michigan copper mines, 2382 
McCanna, M. 232, 252 Microprojector, 288 
McClure, O. D., 218 dust counting, 289 
McCuskey, E. W., 234 Miller, A. H., 40 
McDermid, A. J., 181, 590 Milling system, mining, 443 
McElroy, G. E., 286, 312 Mine Safety Appliance Co. of America, 
McFarland, W. H. §., 483 695 
McGeorge, J. H. W., 492 Mineral, defined, 1 
MacHardy, A. C., 232, 259 deposits, examination of, 702-728 
Machines, blasting, 181-134 properties, types of, 702-703 


coal-cutting, 613 - Mineralight, 32 


Minerals, weight of, 402 
Miners’ diseases (see Diseases, miners’) 
Mines, Alaska Juneau, 6, 162, 200, 541, 
548, 565, 566, 620, 634 
Alaska Treadwell, 577 
Anaconda, Butte, 375, 514, 683 
Anyox, British Columbia, 171 
spiral stoping, 599 
Argonaut, California, 689 
Braden, Chile, 592 
Bunker Hill and Sullivan, 574 
Calumet and Arizona, 548, 575, 621 
Calumet and Hecla, 15, 232 
Campbell, Arizona, 360-362 
Cananea, Mexico, 582 
Carlos Francisco, 266 
Carlsbad, New Mexico, 183 
Carson Hill, California, 7 
Cayuna Range, Minnesota, 543-544 
Cerro de Pasco, Peru, 232 
Champion Reef, India, 232, 312, 313 
Chief Consolidated, Utah, 530 
Chino, 433 
Chuquicamata, Chile, 436 
City Deep, South Africa, 364, 514, 563 
Cleveland-Cliffs Iron Co., 678, 681 
Climax Molybdenum mine, 71, 541, 
592, 593 
Copper Flat, Nevada, 433 
Copper Queen, Arizona, 678, 707 
Crestmore Limestone, California, 592 
Crown Mines, South Africa, 7 
Dutoitspan, South Africa, 584 
Eagle Picher, scraper loaders, 197 
Emma Nevada, Nevada, 593 
Flin Flon, Canada, 200, 533 
Frood, Canada, 232, 514 
Golden King, California, 596 
Granby, 599 
High Ore, Butte, 232 
Hollinger, Canada, 355, 634 
Homestake, South Dakota, 7, 171, 577, 
578 
Idaho-Maryland, California, 524 
Inspiration, Arizona, 206, 541, 592 
Johnson Asbestos, Canada, 592 
Kennécott, 7 
Kennedy, 15, 353 
Kimberly diamond, South Africa, 506 
King, No. 3, Canada, 355, 358, 359, 592 
La Grange, California, 464, 467 
Lancha Plana, California, 481 
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Mines, Latouche, Alaska, 566 


MclIntyre-Porcupine, Canada, 159 

Magma, Arizona, 202, 232, 286, 313, 
594 

Mahnomen, Minnesota, 416 

Mammoth, California, 582 

Manhattan, Nevada, dredging, 481 

Mather, Michigan, 353 

Melones, California, 577 

Miami, Arizona, 587-592 

Michigan copper, 232 

Montreal, Wisconsin, 541 

Morenci, Arizona, 119, 416, 424, 482, 
435 

Morro Velho, Brazil, 232, 313 

Mother Lode mines, 162 

Mt. Isa, Australia, 161 

Natividad, Peru, 232 

New Cornelia, Arizona, 119, 150, 160, 

171, 428, 432 

Newport, Michigan, 161, 507, 514— 

515, 585 

Newstead, Australia, reclaiming dredg- 

ed land, 493 

Noranda, Canada, 104, 161, 162, 597, 
598 

Ohio, Utah, 509, 587 

Old Dominion, Arizona, 270 

Ooregum, India, 312-313 

Park City Consolidated, Utah, 270 

partially developed, 724-726 

Pewabic, 587 

Phoenix, British Columbia, 599 

Quincy No. 2, Michigan, 208 

Rand, 312 

Randfontein Estates, South Africa, 313 

Retsof salt, New York, 183 

Robinson Deep, South Africa, 313 

Rosiclare, [linois, 270 

Shattuck-Denn, Arizona, 382 

Sladen Malartic, 599 

Sloan, Nevada, 433 

Spring Minel, Ltd., South Africa, 514 

Spruce, Minnesota, 185, 434 

Stassfurt, Germany, 551 

Sullivan, British Columbia, 185 

Sulphur Banks, California, 432, 433, 
438 

Sunrise, Wyoming, 541, 592 

Susquehanna pit, Minnesota, 433 

Tennessee Copper Co., 264 

Tobin, Michigan, 508 


744 


Mines, Tonopah, 293 
United Verde, Arizona, 77, 162, 363, 
394, 621 
Utah Copper, Utah, 152, 420, 424, 428, 
432 
Venterspost, South Africa, 232 
Weepah, Nevada, 433 
Woodbury, 357 
Yuba Consolidated, California, 7 
Zenith, Minnesota, 524 
Mining, control of, 649-654 
Mining and Metallurgical Society of 
America, 684 
Mining cost (see Costs) 
Mining districts, Alaska, 481 
Butte, Montana, 15, 232, 282, 313, 558 
Cripple Creek, Colorado, 233, 277 » 
East Tintic, Utah, 277 
Far East Rand, South Africa, 373 
Gogebic range, Michigan, 507 
Jarbidge, Nevada, 232 
Kolar, India, 232, 285, 313 
Lake Superior iron, 286 
Marquette Range, Michigan, 553 
Mesabi, Minnesota, 420, 433 
Michigan iron mines, 553 
Missouri, Southeast, 241 
occurrence of water in, 232 
South African Gold, 6, 282, 286, 560 
Vermilion Range, Minnesota, 507 
(See also Mines) 
Mining industries, 1939 census, 13 
Mining Magazine, 35 . 
Mining methods, 547 
alluvial deposits (see Alluvial mining) 
biblography, 622-624 
coal (see Coal mining) 
open-pit (see Open-pit mining) 
placer-mining, costs, 458-461 
underground, 547-624 
block-caving, 585-600 
classification of, 547-548 
combined underhand and overhead 
stoping, 568 
comparative safety of, 616-617 
definitions, 548-549 
factors influencing cost, 617-618 
general features of, 615-622 
leaching, 615 
nomenclature of, 547-549 
open-stope and diamond drilling, 
599 
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Mining methods, underground, overhand | 
stoping, 548, 554-568 
proportion of mineral won, 617 
resuing, 563 
rill stoping, 549, 554 
selection of, 619 
shrinkage stoping, 
579, 596, 599 
and diamond drilling, 599 
and mechanical loading, 599 
slot system, 596 
special, 605 
spiral stoping, 599-600 
square-set, 568-576 
stoping costs, 162-163, 619-622 
sublevel stoping, 564-568, 597-598 
diamond drilling and, 597-598 
testing loose rocks and walls, 616 
top slicing 579-585 
cover caving and, 579-583 
with partial ore caving followed) 
by cover caving, 585 | 
shrinkage stoping and, 583-584 
underhand stoping 385, 548-553 
(See also Coal mining; Stoping) 
Misener, R. H., 258 
Misfires, blasting, 142-143 
Mitchell, W. J., 65, 71 
Mitchell Diamond Drill Co., 68 
Mitchell top slice, 582 
“Modern Mining Practice,’’ 
Cousins, 524 
Montreal mine, 541 
Moose shaft, Butte, 307 
Morenci open pit, 119, 416, 424, 432, 
435 
Morrison, G. H., 207, 529 
Morro Velho mine, Brazil, 232, 313 | 
Mosier, M., 119 
Moss box, 366 
Mother Lode mines, 162 
Motor trucks, 415-416, 423 
Mt. Isa mine, 161 
Mud pump, 480 | 
Mule haulage, 184 | 


503-507, 576- 


Bailes- 


N 


Natividad mine, 232 
Needle, dipping, 33, 34 
Nelson, W. I. 66 
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New Cornelia mine, 119, 150, 160, 171, 
428, 432 ’ 
New York aqueduct, 530 
Newhouse tunnel, 538 
Newkirk, T. E., 159 
Newport mine, 161, 507, 514-515, 585 
Newsom, J. B., 524 
Newstead, Australia, dredging at, 493 
Nicholson, C. W., 181 
Nitrogen, 283 
Nixon, W. G. C., 267 
Nome, Alaska, thawing frozen gravel, 
475 
Nomenclature, of blastholes, 141 
development, 498-499 
mining methods, 547 
overhand stoping, 554 
Nonmetallic minerals, mining of, 615 
Noranda mine, 104, 161, 162, 597, 598 


| Nordberg, B. V. E., 202 


Norman, G. W. H., 40 


/ Norman, L. A., 75 


Norris, E. M., 392 
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l Obsolescence, 669 
' Oehman, Payne-Gallwey, surveying in- 


strument, 79, 80 


Office facilities, 645 
| Officials, company, 626 


operating, 626 


| Ohio mine, Utah, 509, 587 
| Oil wells, surveying, 81-83 
( Ojuela tunnel, 538, 539 

| Old Dominion mine, 270 

' Ooregum mine, 312-313 


| Open-pit mining, 401-449 
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advantages of, 401 
application, 419-420 
bench heights, 424-425 
bibliography, 447-449 
blasting practice, 427 
box cut, 425 

bulldozing chamber, 445 
clay pit, 438 

coal strip pits, 489 
control of, 651 

copper ore, 435-436 
costs of, 432-433 
disadvantages, 401 
dragline excavators, 443 
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Open-pit mining, drainage, 431-432 
drop cut, 425 
dumping, 418 
examples of, 433 
excavation methods, 405 
illumination, 314 
initial operations, 421 
iron ore, 483-434 
limestone, 438, 446-447 
limitations, 401 
loading units, 428 
milling system, 443 
miscellaneous minerals, 438 
overburden operations, 12, 430-431 
phosphate rock, 436-438 
pit approaches, 421-423 
pit layout, 424. 
pit operation, 426-427 
power distribution, 429 
power requirements, 432 
ramps, 425-426 
roads, 425 
scale of operations, 420 
surveys, periodic, 429 
switchbacks, 425 
topography, 420 
trackless pits, 429 
tracks, main line, 426 
transportation, 415-418, 428-430 
truck, 423 
type of deposit, 420 
types of pits, 423 
uniformity in ore grade, 430 
waste dumps, 480-431 
Open stopes, 569 
diamond drilling and, 599 
Operating officials, selection of, 675- 
676 
Operation, mine, 625-658 
bibliography, 657-658 
Ore, account, 650 
alluvial deposits, 450 
antimony, prices, 11 
sale of, 11 
block, definition of, 548 
breaking, cost of, 169-172 
chutes, defined, 548 
classification of, 14 
complex, 2 
continuity, 717 
definition of, 1 
density, 719 


746 ELEMENTS OF MINING 


Ore, first-class, 2 
gross value, 720 
high-grade, 2 
leaching, 615 
low-grade, 2 
mixed, 2 
net value, 721-722 
oxidized, 2 
packing, 561 ‘ 
passes, defined, 499, 548 
present value, 722-724 
probable, 717, 718 
prospective, 718 
proved, 718 
recoverable value, 720 
reserves, copper companies, 4 
sale of, 8-12 
sampling, 430 
second-class, 2 
shipping, 2 
in sight, 718 
smelter schedules, 10-12 
stowing, 561 
sulphide, 2 
tenor of, 2, 5-7 
treatment, control of, 654-655 
types of deposits, 14, 29 
uniformity in grade of, 480 
volume of, 716-719 
weight of, 402, 719 
wide bodies, mining of, 385 
Oreshoots, 15 
Organization, 625-658 
bibhography, 657-658 
Outcrop, defined, 12 
leached, 27 » 
Overburden, 12, 430-431 
Overcasts, ventilation, 296, 297 
Overcutting, 165 
Overhand stoping, 548, 554-568 
chutes, 559 
footwall drifts and raises, 560 
gravity incline, go-devil, 559 
in narrow veins, 559 
Oxygen, 291 
breathing apparatus, 692-696 
Draeger and Westfalia, 693 
Gibbs, 693, 694 
Proto, 692, 693 
training in use of, 695 
depletion, test for, 289 


IP 
Pacific Aerial Surveys, Inc., 482 
Packs, waste-rock, 368, 561-564 
construction of, 562-563 
wire rope in, 562 
Page, John W., 408 
Painter’s colic, 698 
Palidan-Suyoc tunnel, P. I., 539 
Panning, 32 
Park City Consolidated Mines, 270 
Passes, ore, 499, 548 


Pato Consolidated Gold Dredging Co., 


467 
Pay, labor, 635-636, 661 
Payroll, 661 
accounting, 662 
surcharges, 655-656 
Peck, R. B., 397 
Pellet powder, 134-135 
Pensions, 696 
Percussion drilling, 100-101 
Personnel, selection of, 675-677 
Perry, O. B., 473 
Perry idler, dredges, 473, 480 
Pewabic mine, 587 
Phoenix mine, 599 
Phosphate mining, .162, 486-438 
Photography, aerial, 50 
Physician, mine, 632 
Pickard, B. O., 293 
Pigsties, 560 
Pillars, 367-368 
barrier, 601 
proportions of, 329-330, 604 
rock, pressures on, 397 
room and pillar, 383 
Pipes, compressed air, 648 
discharge, 254-256 
suction, 254 
Pirson, 8. J., 44 
Pitot tube, 286 
Pits, approaches, 421-423 
layout, 424 
operation, 426-427 
trackless, 429 
Placers, prospecting, 25 
sampling of, 708, 710 
Plant design, accidents and, 680 
Plant growth and outcrops, 29 
Plants, analysis of, 721 
costs, 721 
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Plants, surface, 639, 641-648, 680 


underground, 648-649, 680 
washing, 489-490 
Plunger pumps, 245-246 
Pneumonia, 697 
Poetsch freezing method, 525 
Political influence on costs, 655 
Porritt and Carmichael, 598 


Potash salts, mining of, 162, 551-553 
Powder, black and pellet, 134-135 


Judson, 159 
Power drills, 88-101 
Power requirements, 641-644 
cables, electrical, 648 
open pits, 432 
pumping, 241 
shovels, 411 
_ waste-heat, 644 
Power shovels, 405-408 


) Precipitator, thermal, 289 


Prescott Steam Pump Co., 244 
Preservatives, timber, 335 
Presley, Bevan, 567 

Prices, 5-12 


) Primacord, 137-138 


Primer, Soule’s safety, 137 
Property, 20 
marginal, 6 
neighboring, 20 


| Props, 370-373, 383 


adjustable, 372 
durability of, 370 
Hepplewhite, 371 
Kirkby, 371 
methods of use, 383 
puller, 389 
room and pillar, 395 
round timber, 370 
Spencer, 372 
tapered, 558 
tubular, 372-373 
wooden, 370 
Prospecting, 23-52 
bibliography, 51-52 
boring and, 31, 83 
churn drill, 57-58 
critical areas, 30 
definition of, 23 
electrical, 45-48 
future of, 51 
geological age, 28 
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Prospecting, geophysics, 33 
rock associations, 26-28 
structure and, 28-29 
surface, 23-24 
surface trench, 30 
underground, 23, 30-31 

(See also Geophysics) 

Proto oxygen apparatus, 692, 693 

Pryde, G. B., 608 

Pryor, T., 232 

Psychrometer, 287 

Pullen, J. B., 77, 163, 394, 595 

Pulmotor, 696 

Pulvita, 696 

Pumping, 240-269 
automatic controls, 261-265 
cost of, 238, 240, 266-269, 467 

installations, 265-266 
efficiency of, 243-244 
hot water, 274 
for hydraulic mining, 467 
mechanics of, 242—244 
power, 241 
service provided, 241 
Southeast Missouri, 241 
stations, 256-261 

capacity of, 260 

costs, 266-267 

dimensions of, 260 

support of, 349 

ventilation, 259 
work, 242-243 

Pumps, 245-251 
air-lift, 250-251 
automatic controls, 261-265 
centrifugal, 246-249 
columns, 254-256 
cost of, 265-266 
deep-well, 248 
discharge pipes, 254—256 
gravel, 465 
mud, 480 
plunger, 245-246 
submersible, 248 
suctions and, 254 
sump, 249 
turbine, 246-249 
types of, 245-251 
vacuum, 254 

Purchasing agent, 656 

Purington, C. W., 458 
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Quarry (see Open-pit mining) 

Quicksand, 523, 536 

Quicksilver losses, in gold dredging, 491 
in hydraulic mining, 492 

Quincey No. 2 mine, 208 


R 


Radel, F. M., 109 
Radioactivity, 50 
Raises, 502, 517 
defined, 498 
Raising, details of, 530-531 
Ramps, 425-426 
Rand mines, 312 
Randfontein estates, 313 
Reclaiming dredged land, 492-493 
Reconnaissance, aerial, 50 
Redmayne, R. A. S., 604 
Reflection vs. refraction method, geo- 
physics, 43-45 
Refrigerating equipment, 313 
Regulators, 295 
Regulex system, 207 
Relative humidity, 284-288 
Repairs, 644-645 
Reports, annual, 666, 670 
labor, 637-642 
monthly, 653, 654 
operating, 629 
stoping, 665 
Rescue work, 691-696 
Reserves, copper, 4 
Resistivity, geophysics, 48-50 
Respirators, 679 
Resuing, 563 
lagging use in, 564 
Retsof salt mine, 183 
Rheostat, blasting, 131, 133 
Rheumatism, 697 
Rice, George 8., 392, 685 
Richardson, A. 8. 282 
Riddell, J. M., 529 
Rieber, F., 40 
Riemer, Corning and Peele, ‘‘Shaft Sink- 
ing under Difficult Conditions,” 524 
Rill stoping, 549, 554 
Roads, 425 
Robinson Deep mine, 313 
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Rock, alteration, 27 
analyses, 50 
associations, 26-28 
bursts, 397-398 
coefficient of expansion, 321 
drill, future of, 111-112 
dust, 281, 687-688 
examination, 31-33 
hard, 535 
loose, 327, 535 
angle of repose, 321 
testing, 616 
packs, 368, 561-564 
physical properties, 121-122 
pillars, pressures on, 397 
porosity, 321 | 
soft, 535 | 
temperature gradient, 293 
weathering of, 27 
Rock breaking (see Blasting; Explosives 
Rock masses, area of working, 326 
block movement, 327 
classification of, 322-323 
depth of working, 325 
equilibrium of, 323-324 
height of working, 326 
nature of, 325-326 
sand.and loose rock, 327 
surface subsidence, 326 
zone of disturbance, 324-325 
Rocks, classification of, 100, 401-403 
plastic, 327 
properties of, 403 
weight of, 402 
Rods, drill, 107 
Roe, H. A., 414 
Rolland, F. W., 64 
Romanowitz, Charles M., 481 
Room-and-pillar mining, 383, 601-604 
development for, 511 
‘dimensions, 603 
plan of, 512 
Rope drill, 57-62 
Ropes, hoisting, 209-213 
attachments, 212-214 
condition of, 211 
factor of safety, 212 
fleet angle and lead, 212 
haulage by, 188 
life of, 211-212 
lubrication of, 211 
Rosiclare mine, 270 
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Ross, A. J. M., 578 

Rotary drill, 86, 90, 96-100 

Rounds, drill, 115-116 
time analysis for, 538 


s 


Safety, bonus, 683-684 

comparative, mining methods, 616- 
617 

controls, hoisting, 222-223 

design of plant, 680 

devices, 679 

dogs, 356 

inspection, 680-683 

legislation, 683 

organizations, 683 

questions, general mining, 682 
shafts, 681-682 
records, 683-684 

regulations, 677-679 


i St. Clair, J. Q., 73 
| St. Joseph shovel, 181 
4 Sale of product, 720-721 


ores and minerals, 8-12 


/ Salines, drilling, 74 
) Salt mining, 614 


blasting in, 162 
Salting, 712-713 
Sampler, 631 


i Sampling, 703-716 


appliances used, 704 

boreholes, 61, 84, 706, 707 

check, 706 

coal seams, 711-712 

computation of averages, 713 
volumes, 716 

continuity of ore, 717 

copper deposits, 711 

core, 709 

density and weight, 719 

dredging ground, 707 

gold deposits, 706 

grab, 709 

iron ore, 707, 708, 711 

measurements required, 705 

mill runs, 706 

placer deposits, 708, 710 

records made, 705 

salting, 712-713 

shovel, 709 

sludge, 707, 709 
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Safapling, specimen, 710 
tailings and waste dumps, 712 
Sand, 327 
Sawin, Herbert, 491 
Scheelite, 32 
Schlumberger, Conrad, 45 
Scrapers, 180-181 
City Deep mine, 564 
overhand stoping, 559 
power, 412-414 
sizes of, 413 
speed of, 413 
transportation, 180, 608, 609, 611 
wire-rope type, 414 
Sealing off water, cementation, 527 
Seamon, H W., 161 
Seismic earth-wave method, geophysics, 
40-45 
Selby, Paul, 561 
Selective mining, 619 
Self-potential method, geophysics, 47 
Sequence charts, 21 
Shaft sinking, 519-534 
bibliography, 544-545 
blasting, 521 
boring methods, 524-525 
Butte method, 522 
cementation, 232, 527-529 
compressed-air caisson, 525 
cost of, 531-534 
development, 519-534 
drill holes in, 157 
drop shaft, 525 
forepoling, 523 
freezing method, 525-527 
Kind-Chaudron system, 524, 530 
machine drilling, 521 
material penetrated, 520 
mechanical mucking, 529 
methods used, 520 
relative importance of, 529 
selection of, 520 
Oetling method, 526-527 
Poetsch method, 525-526 
quicksand, 523, 536 
raising, 521, 530 
rate of, 530 
sheet piling, steel, 523-524 
swelling ground, 536 
water conditions, 519 
“Shaft Sinking under 
ditions,” 524 


Con- 


Difficult 


750 ELEMENTS OF MINING 


Shafts, 349-366 * 
arrangements, 218-220 
bearers, 352-353 
blasting boards, 355 
blocking, 353-354, 357 
boring, 524 

costs; 524, 529 
bulkheads, 355 
capacity, 226 
circular, 516 
collar structure, 350, 358 
comparison of rectangular and circular, 
515 
compartment timbering, 351 
concrete, reinforced, 358-364 
cribbing, 364-365 
defined, 498 
dimensions, 514-516 
elevators, 209 
elliptical, 516 
guides, 356 
hanging bolts, 354 
headframes, 224 
internal, 498 
lagging, 355 
largest, 515 
location of, 249 
in loose ground, 364-365 
main levels, 223-224 
masonry support, 359 
pillars, 367-368 
rectangular, 350, 363, 516 
ring support, 363-364 
signal systems, 221-222 
bibliography, 228 
staging, 357 
stations, 219, 223-224 
steel, 358 
studdles, 352 
surface arrangements, 224-225 
timber required, 393 
timbering, 351, 353 
tubbing, 365-366 
underground, 498 
vehicles, bibliography, 228 
Shaker conveyors, 186-187, 608-610, 612, 
613 

Sharrer, O. G., 610 

Shattuck-Denn mine, 382 

Shaw, 8S. F., 250 

Sheave, grip, 202 


Sheep Creek tunnel, 538 
Sheet ground, mining of, 551 
Sheet piling, steel, 386 
Sheeting zones, 29 
Sheldon, W. D., Jr., 301 
Shop plans, 647 
Shoveling, 178, 180 
Shovels, power, 405-408 
capacity of, 407 
description of, 407 
operator’s skill, 408 | 
power requirements, 411 | 
St. Joseph, 181 | 
speed of, 407, 410 
Shrinkage stoping, 503, 504, 506-. 
576-579, 596, 599 
top slicing and, 506, 583 
Shuttle cars, 187-188 
Signal systems, hoisting, 221-222 
Signs, exit, 649 
reflecting, 314-315 
Silicosis, 697 
Sirdevan, W. H., 93, 95 
Skips, 201, 214-220 
Slack, E. E., 258 
Sladen, Malartic mine, 599 
Sleigh, transportation by, 200 
Slice, definition of, 548 
Sloan mine, 483 
Slope, defined, 499 
Slot system, 596 
Sluices, alluvial mining, 453-456 
construction of, 454, 468, 464 
distribution of gold in, 464 
piping over sides, 466 
purpose of, 463 
wear of, 464 | 
Slusher system, 593 
Smelter schedules, 10-12 | 
antimony ores, 12 
copper ores, 10-11 
lead ores, 11 
silver ores, 10 
zinc ores, 11 
Smit, J. K., 64 
Smith, G. W., 288 
Smith, H. Dewitt, 93, 95 
Smoke helmets, 692, 695 
Snelling, W. O., 122 
Snow, F. W., 594 
Social security taxes, 662 
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Soroche, 698 
Southward, G. B., 609, 611 
| Sperry-Sun Well Surveying Co., si 
Spiling, 346, 523 
Spiral stoping, 599 
Sprags, 377 
Spring Mines, Ltd., 514 
Sprinkling, 687 
Spruce open pit, 185, 434 
Square-set stoping, 568-576 
alternate pillar and stope, 573 
back-stoping and waste filling, 571 
bibliography, 623 
Bunker Hill and Sullivan mine, 574 
chutes, 380, 569 
development, 503-504 
filled stopes, 571 
incline cut and fill, 571, 576 
Junction mine, 575 
Magma mine, 594 
open stopes, 569 
partial filling, 571 
slot system, 596 
starting stopes, 569 
use of booms, 573 
| vertical slice and fill, 572-573 
) Squibs, electric, 130 
) Staff, efficiency, 637 
| mine, 627, 630-632 
) Staging, shaft, 357-358 
! Stanislaus tunnel, 155, 156, 538, 540 
} Stassfurt potash mine, 551 
) Stations, 219, 223-224, 348-349 
{| Stearn, Noel H., 35 
i] Steart, F. A., 303 
|| Steel support; 344 
masonry and, 344 
timber and, 340-344 
Stewart, L. D., 222 
i Stock account, 662 
| Stockholders, 626 


Stones, building, strength of, 320 


definition of, 548 

drive, 548 

filling, 385 

length of, 386 
measurement of, 616 
méthods of working, 384 
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combined underhand and soverhand, 


Stoping, costs, 162-163, 619-622 
drill holes, 157 
limits of, 615, 650 
long-hole, 162 
miscellaneous practice, 594-596 
overhand, 548, 554-558 
development, 501-503 
lead stope, 555 
longitudinal, 557 
longwall, 554 
nomenclature of, 554 
open and filled, 555 
stulls and waste fill, 556 
transverse, 556, 557 
report form, 665 
rill, 549, 554 
shrinkage, 503, 504, 506-507 576-579, 
596, 599 
cleaning down, 578 
filling, 578 
Homestake mine, 578 
modification of, 577 
spiral, 599 
square-set (see Square-set stoping) 
sublevel, 564-568, 597-598 
underhand, 385, 548-553 
advantages of, 550 
development, 501-503 
disadvantage of, 550 
iron mines, 551-553 
modifications, of, 550 
potash salts, 551-553 
sheet ground, 551 
support, 550 
waste disposal, 550 
wide ore bodies, 574 
Stoppings, construction of, 295 
cost of, 296 
Storekeeper, 632 
Storekeeper’s account, 662 
Stream pollution 20, 235, 467 
Stringer-and-prop method, 383 
Strip pits, coal, 439-443 
Structure, geological, 28-29 
Structures, mine, 350 
Studdles, 352 
Stulls, 373-374, 384-385, 556 
umbrella, 575 
Sublevel stoping, 564-568 
diamond drilling and, 597-598 
Submersible pumps, 248 
Subsidence, surface, 326, 396 
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Suctions, pump, 254 
Sullivan Machinery Co., 91, 94, 98, 111, 
166-168, 182 
Sullivan mine, 185 
Sulphide dust, 281 
Sulphide ores, 2 
Sulphur, mining of, 614-615 
production of, 615 
smoke, 309 
Sulphur Banks open pit, 432, 433, 438 
Sumps, 251-254 
Sunrise mine, Wyoming, 541, 592 
Superintendent, mine, 630 
Supplies, account, 662-663 
purchasing, 656 
Support, 320-400 
bibliography, 398-400 
braces, 377 
costs, 395-396 
crosscuts, 338, 517 
drifts, 331-334, 338, 517 
economic principles, 336-337 
foundations, 386-387 
fundamental principles, 389-391 
ground pressures, 390 
gunite, 391-393 
intersections, 348 
jacket sets, 381-383 
lagging, 355, 375-376 
masonry, 345 359 
materials used, 334 
pillars, 329-330, 367-368, 383, 397, 
601, 604 a 
props, 370-373, 383 
pumps chambers, 349 
retaining walls, 387 
ring method, shafts, 363-364 
rock masses, 322-327 
rocks, physical properties of, 320-321 
rooms and stopes, 383-385 
shafts, 349-366 
(See also Shafts) 
sprags, 377 
square sets, 374-375 
stations, 348-349 
steel, 344. 
and masonry, 344 
stones, building, strength of, 320 
structural elements, 329-334 
stulls, 373-374, 384-385, 556, 575 
timber required, 393-395 
trenches 386-387 
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Support, tunnels 331-334, 338 
ies ee stoping, 550 
wedges, 377 
wide ore bodies, 385 

Surface arrangement, hoisting, 224-225 

Surface plant, 639, 641-648, 680 

Survey, magnetic, 37 

Surveying, oil wells, 81-82 

Surveyor, mine, 631 

Surveys, open-pit mining, 429 

Suspense accounts, 670 

Susquehanna pit, 433 

Swelling ground, 536 

Switchbacks, 425 

Sylvanite, 397 
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Taffanel, J., 686, 688 
Tagg, G. F., 49 
Tailings, disposal of, dredging, 479 
hydraulic mining, 466 
sampling, 712 
Tamping, 139 
Taxes, payroll, 655-656, 662 
Transvaal, South Africa, 656 
Telephones, 649 
Temperatures, 16-17, 284-288, 293 
Tennessee Copper Company, 264 
Tertiary deposits, 26 
Terzaghi, K., 397 
Thawing, frozen ground, 481 
Theft, 464, 657 
Thermal precipitator, 289 
Thermometers, 287 
Thompson-Connersville Coke Co., 512 
Thurman, C., 486 
Tillson, B. F., 684 
Timber, comparative strength of, 337— 
338 
cribs, 368-370 
framing shop, 645 
handling of, 387-888 
masonry and, 341-344 
preparation of, 337 
preservatives, 335 
recovery of, 390 
required, 393-395 
block-caving, 395 
shafts, 393 
square setting, 394 
stoping, 394 
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Timber, required, stull timbering, 394 Transportation, chutes, 177-179 
United Verde mine, 394 coal mines, 175 
steel and, 340-341 cost of, 197-198, 200 
Timbering, bearers, 352-353 differential train, 4384 
blocking, 353, 357 jig back, 199 
braces, 377 larry cars, 416 
bulkheads, 377 loaders, mechanical, 181-184 
cribs, 368-370 ' loading, 177 
lagging, 357 locomotive haulage, 188-193, 416 
in loose ground, 346 mechanical methods, 177 
loose rock, 616 metal mines, 174, 192 
shaft, 351, 353 motor trucks, 415-416, 423 
square-set, 568 mule haulage, 184-185 
studdles, 352 nonmechanical methods, 176 
stull, 384-385 : open pits, 415-418, 428-430 
walls, 616 pack animals, 200 
wedges, 377 rope haulage, 188 
Time sheet, mine, 661 scrapers, 180, 608-609, 611 
Timekeeper, mine, 632 shaker, conveyors, 186-187 
Tobin mine, 508 shuttle cars, 187-188 
Toenges, A. L., 442 sleigh, 200 
Tonnage estimates, 652 surface, 198-200 
Tonopah mines, 293 trailer cars, 416 
Tool sharpening, 644 tread tractor, 415 
Top slicing, 579-585, 619 truck, 415-416, 423 
bibliography, 623 underground, 174-177 
~ development, 504-506 water, 200, 418 
inclined, 582 Woodford third-rail, 416 
Mitchell top slice, 582 Transvaal gold mines, costs, 620 
partial ore caving and, 507, 585 fatality rate, 674 
radial units, 582 taxes, 656 
scraper, 582 Tread tractors, 415 
shaker conveyor, 583 Treasury tunnel raise, 530 
shrinkage stoping and, 506, 583-584 Trenches, 386-387 
square-set, 568 Trenching, prospecting, 30 
Topography, 17, 24-26, 420, 441, 462 Tripods, 109 
Tractor, tread, 415 Trucks, 415-416, 423 
Trailer, Athey, 415 F Tubbing, 365-866 
Trailer cars, 416 Tuberculosis, 697 
Training, rescue squads, 695 Tunneling, 534-542 
of workers, 677 cycle of operations, 536 
| Tramming, 178 development, 5384-542 
}. Lransfer, ore, 499 hard rock, 535 
) ‘Transportation, 174-200 loose rock, 535 
airplane, 200 parallel operations, 537 
barges, 200 quicksand, 536 
belt conveyors, 185-186, 4]8 soft rock, 585 
bibliography, 226-227 swelling ground, 536 
block caving, 593 (See also Adits; Tunnels) 
capacity of units, 417 Tunnels, bibliography, 545-546 
cars, 194-197, 417-418 blasting in, 153-156 


chain conveyors, 186, 608 Carlton, 156, 233, 5387-540 
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Tunnels, cost of, 265 Variometer, magnetic, 37 
Cripple Creek, 234 Vehicles, shaft, bibliography, 228 
drain, 233-239, 265 Venterspost mine, 232 
Elton, 539 Ventilation, 277-313 
Mahr, 539 adits, 298 
Metalline, 539 air conditioning, 312-314 
Newhouse, 538 air pipes, 298 
Ojuela, 538, 539 bibliography, 317-319 
Palidan-Suyoc, 539 brattices, 298 
Sheep Creek, 538 break-throughs, 295 
Stanislaus, 155, 156, 538, 540 coal mines, 285-286, 309-312 
support of, 331-334, 338 chart, 294 
Treasury, 530 coefficient of friction, 300 
ventilation of, 298 control of, 294, 299 

(See also Adits; Tunneling) cost of, 312 

Turbine pumps, 246-249 currents, distribution and control of, 

Turbro drill, 92 294 

Turnouts, 518 production of, 292-293 

Typhoid, 698 velocity of, 299 

curtains, 298 
U doors, 297 
explosion, 297-298 

Ultraviolet light, 32 _ drift mining, 495 

Undereasts, 296 dust (see Dust) 

Undercutting, 165-168, 613 fans, 302-308 

Underground mining (see Mining meth- formulas, air flow, 299-301 

ods, underground) : gases (see Gases) 

Underground plant, 648-649, 680 hygienic requirements, 284-286 

Underhand stoping, 548, 549-553, 568 mechanical, 2938-294 

Unemployment insurance, 662 metal mines, 308-309 

Union Pacific Coal Co., 609, 684 mine fires and, 689-690 

U.S. Bureau of Mines, 286, 290, 489, 695— natural, 293 

696 Ss overcasts, 296, 297 

U.S. Geological Survey, 458, 712 6 pitot tube, 286 

United Verde mine, 77, 162, 363, 394, 621 pumping stations, 259 

Unwatering mines, 269-270 quantity of air required, 286 
in advance of development, 270-272 regulators, 295 

Urban, E. C. J., 286 resistance of mine, 301 

Utah Copper open pit, 152, 420, 424, 428, stoppings, 295 

432 thermal precipitator, 289 
tunnels and adits, 298 
Vv undercasts, 296 
Ventube, 582 
Vacuum pumps, 254 (See also Air, mine) 

Value, 7 . Vivator, 696 

_ constancy of, 3 Volume computation, ore, 716-719 
gross recoverable, 2 ” i 
partially developed mines, 724 WwW 
present, 722-724 
prospects, 725 Wabner, Robert, 284 
speculative, 725 Walker, H. A., 93, 106 


unit, 3 Walker, Joseph, 382 
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Walker, S. F., 526 
Wall, defined, 12 
Walls, retaining, 387 
testing, 616 
Ward-Leonard control, 411 
Ward-Leonard System, 207 
Warning signs, 139-140, 680 
Washing plants, alluvial mining, 489- 
490 
Waste, defined, 1 
dumps, 430-431 
sampling, 712 
Waste-rock packs, 368, 561-564 
Water, required for hydraulic mining, 
466 
supply, 649 
swivels, 70 
transportation by, 200, 418 
Water aspirator, 289 
Water Lily shaft, 530 
Weaver, L., 263-266, 268 
Wedges, 377 
Weepah mine, 433 
Weigel, W. W., 239, 241 
Weights, of ores and minerals, 402 
of water and sand mixtures, 404 
Wenner, F. C., 48, 50 
Weslow, W. C., 72 
Westinghouse Electric & Mfg. Co., 189 
Wet drilling, 112-113 
White, Charles H., 27, 50 
Wiggert, J. F., 222 
Wiles, G. M. 271 
Williams, A. F., 212 
Williams, B. Y., 167 
Wilson, P. D., 621 
Wimmler, N. L., 466, 475 
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Wing-damming, 454 
Winzes, 502, 517 
defined, 498 
Wire rope, rock packs, 562 
Wire-rope tramways, 199 
Wolff, W. P., 99 
Woodbridge, D. E., 684 
Woodbury mine, 357 
Woodford third-rail, 416 
Workers, mine (see Labor) 
Working bond, 625 
Workings, mine, development of, 499-513 
dimensions of, 514-518 
support (see Support) 
Workmens Compensation Law, 696 
Wright, L. T., 75 
Wroth, J.S., 75 
Wyandotte Gold Dredge Company, 484 
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Young, L. E., 188 

Young Mens’ Christian Association, 677 
Yuba Consolidated Gold Fields, 7 

Yuba Manufacturing Co., 469, 471 


Z 


Zenith mine, 524 
Zine chloride, 336 
Zinc ores and concentrates, 11 
Zone of disturbance, 324-328 
area of, 325, 326 
block movement, 327 
depth of working, 325 
height of, 325, 326 
surface subsidence, 326, 396 
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